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GENERAL PREFACE 

THK first edition of The Iiitpttial G&xttttr af India was 
published in nine volumes In, iH6l A second edition, 
augmented to fourteen volumes, was issued in the yean* 
ihHS;j-7. A revised form of the article on India, greatly 
enlarged and with statistics brought up to dale, appeared as 
an independent volume in under the title of 1 The Indian 
Empire : fts Peoples, History, and Products,' AH of these 
\v& c edited by the late Sir William Wilson Hunter, K.C.SJ.. 
who formed the original plan of the work as far back as lUGy, 
when he was first entrusted with the doty of organising a 
statistical survey of the Country, and who wrote most of 1 The 
Indian Empire' in Its final form with his own hand. His 
untimely death in 1900 has deprived the present edition of 
the advantages of his ripe experience and literary skill. 

The second edition having for some time passed out of 
print, it was resolved by the Government of India that a new 
edition should be prepared in Connexion with the Census of 
1901. The changes,, however, that have been introduced, 
both ir the genera! sell erne and in the methods of compila- 
tfon, may justify its being considered as a new work rather 
than a new edition, The bulk will be raised from fourteen to 
twenty-sis volumes, including a companion Atlas; and the 
single volume of 'The Indian. Empire' has been expanded 
into four volumes, entitled respectively ' Descriptive ' 1 His- 
torical,' 1 Economic,' and ( . Administrative.' Moreover, while 
the main work will be arranged as before in alphabetical 
order, it is intended to issue in India, for official and local use, 
a parallel series in which the several articles relating to each 
Province or large group of Stales will be collected together in 
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depurate volumes, No- less considerable arc the change^ that 
have been made En methods of compilation, Apart from the 
Historical volume and a few other chapters uf 'The Indian 
Empire,' the whole of the work has been written, by officials 
in India under orders of the Indian Government; and ever}' 
page lias been submitted to the criticism of the several 
Admlnistm Lions or Departments concerned. 

The task of editorial supervision has been shared between 
India and England. In India the first outlines were drawn 
up in consultation with Sir Herbert RLsley, K-C,l.l£., at the 
time when he was Census Commissioner, On hU nomina- 
tion to be Secretary in the Home Department, Mr. W, S, 
Meyer, C. I, !£., was appointed editor for India ; and to him art 
due the detailed ftigu fat ions under which the greater part of 
the work has been executed, the general scheme of the Atlas, 
artd the primary revision of most of the chapters dealing with 
India as a whole. When he, in turn, was promoted to be 
Secietary in the Finance Department, he wa^ succeeded by 
Mr. R, Burn, who has earned out the primary revision of 
must of tire other volumes, and otherwise completed the work 
that had Id be done in India . 1 The editor In England 
throughout has been Mr. J. Cotton, Who was closely 

associated with sir W. W. Hunter in both the former editions- 
On him, in subordination to a committee applied by the 
Secretary of State, has rested the responsibility for the final 
form of the work, and the duty of seeing the whole through 
the press. 

The volumes of 'The Indian Km pine ' have been entirely 
rewritten, with (be exception of the history of the British 
period, where the personal impress of Sir W. W. Hunters 
knowledge and style is preserved. The principle adopted 
was to entrust each subject to an author best Cjualificd to deal 
with it either by special study or official experience. The 
names of the authors are usually appended to iheir chapter* ; 
bat in other cases |he text, a£ finally approved* can be 

I The- FniHifi Adltoix -ifcnie to *cl;nSwle^Jl* E[MeL3l1}' Uiff ottvkt* wf Mp. 
V. Krii-hi!- Million, (Iieit be a* I clerk. 
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regarded only as a composite production based largely upon 
their contributions, and their names art then recorded else- 
where. This course has been foil nil nGCessaiy in order to 
maintain the character of official authority that attache* to 
the work. 

The articles that make tip the body of the Gazetfetr have 
likewise been nrwriuen, for the most part by officials who had 
all^ady acquired local experience as Census. Superintendents 
of their Provinces 01' States in 3^' A list of their name* 
wilJ be found prefixed to the first volume of the Gantteir 
proper. As in the previous edition^ the articles are based on 
materials collected by District officers and officials of Native 
States, supplemented by Special contributions from experts. 
More detailed acknowledgements wilt be found in the prefaces 
to the volumes of the Atnwri'a/ Gazfitfcn. ft may here be 
mentioned that, since the last edition was compiled. Upper 
Burma arid Baluchistan have both been included within the 
Empire, and two new I'rovht'Ces have been constituted, while 
much more accurate information in now available Tor the 
Native States generally. 

To tome to details- Comparative statistics are usually 
given for the throe Census yea rS„ iHki, jJtpi^and f^qI i but 
in most cases later figures for 1903 4- have been added- The 
moot recent administrative changes have been incorporated or 
referred to in footnotes, SO far m possible. No novelties have 
been introduced ill tile way of spelling, the usage now 
generally ad opted In India having bcCIl followed, even where 
this usage Cannot be considered satisfactory or con&btcnt. 
The only important change it the substitution of the mark of 
length ■{”) for the accent over long vowels. Some hints for 
guidance in pronunciation are given in an Introductory Note, 
prefixed to each volume. Another IntToductrary Note supplies 
ii brief explanation of the monetary system and the weights 
and measures used in India, for ii has not been found practic- 
able to convert these uniformly into tlidr English equivalents, 
In the present Volume, being the Descriptive volume of 
( The Indian Empire/ chapters i, ii, iv 3 v, vsi, viEi. L\, and \ 
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have been written by the authors whose names are. subscribed 
to them. Dr. Blaciford died before he was able to revise his 
proofs- Of the other ehajjterSj that art Meteorology la based 
upon materials contributed by Sir John Eliot, K-CJ<E-> 
and that on Ethnology and Caste has been abridged 
from Sir H. REsley's chapter in the Report aw the Census 
of India far The Index hag b«n compiled by 

Mr. J. W. Browne. 




r , m mm remt IlSctetute. 

JRICHUR, cochin state. 

jV* / 7 (f- 

INTRODUCTORY NOTES 

Notes ok Transliteration 



VffivclSaitmh 

a has the sound of <z in L woman,' 
a haj the sound of a in ' father/ 
e hss ihc uo*el-wund in 'grey. 1 
l has the sound of i in ‘ pin.' 
fc has the sound of i' in ' police" 

0 has the sound Of <> in ' bout 3 
m has the sound of a in 1 hull-' 
lL has the sound of u in ‘ flute.' 

-li has the vowel-sound in ‘ inlnu.' 
tin has the vowel-sound in 1 house-' 

It should be Stated that no attempt has txx-CJi mule LO distinguish 
between the Icm^ and short rounds of t and v in the llnvidian 
languages, which possess the vowel-sounds in 3 bet ' sehI 'hot' in 
addition to LhfVie given nhovt Nw has it been thought necessary 
to math vowels ns long in casts where mistakes in pronundalion 
were not likely to l>e made- 



Cdttstuattis 

Most Indian languages have d iJTerent forms for a munbcT of oOh- 
iOiWinls, such as d, t f r f ifcc,, marked i.u sdentifk works by the use 
of dots or italics. As the European ear distinguishes thevc with 
difficulty itv ordinary pronunciation it has been oonsideied undesir- 
able to embarrass the render with them, and only two notes are 
reefuired. In the first place* the Arabic k, a strong nutturaL has 
been represented by tr instead of which is often used. Secondly- 
it shot! Id he remarked i hat aspirated consonants arc common . and. 
in particular, dk and th {sleeps in Burma) never have the sound of 
th Ui ‘I his 'Or 'thirt,' bnl should he pronounced as In ‘ woodhrmse ' 
and J bnaLtiaok/ 




AYTJtOn UCT'O H ] ' NO TES 



\ 



Bttr iNt-tp ! Vord$ 

H l. mi esc and some of the languageE yn the frontier of China have 
i he folly -tpeoial Eouivds — 

asv has the vOwd^Ound in 1 tuw.' 
d and li ate pronounced as in Gennan- 
gy pronounced almost like j in "jewel.’ 

ky is pronounced almost like th in 1 chmrch.' 

th Ik jyoiiouKW’fld in some ns. in "chie, 1 in some c*fefiA as in 

1 thin.' 

vr af|*r a consonant has the force of pw, 1’hus* J-rrta and pwe 

art Ji^yllaljks, fironounced AS if Written and 

It stum Id also he noted that, whereat in Indian words (he accent 
or stress is distributed almost equally on each syllable, in Bumvese 
there is a tendency to throw special stress on the last sylUble-- 

G ftur&l 

The names of some places — c. p. Calcutta,, l 5 ombay f Luckrww, 

( Awuporc— by v<? obtained a popular fixity Of spelling, while special 
Idi-ms have been oJftcialljr prescribed for others, of peasoms 

nre uflCn sp^H and pronounced differently in different parts of India ; 
h.Lt the variations have been made as feu- as possible by assimilating' 
fiji-ms almost alike, especially where A paitkwtar spelling has been 
Generally adopted in Enghsh boobs. 

KGTfcT OM Mo^liV, Pe.il i:k, WBICIITH aKJ* Meajsuees 

As- the currency of India is IhivccI Upon the rupee, all statements 
with regard (0 money throughout ihc Gezrftwr necessarily hcen 
c^rtesicd m rupees, nor has it been found possible to add generally 
a conversion, imo sterling. l^own Co »hout 1S73 the 6 °^ value of 
[lie rupee (con laming ifig grains of pure silver) waj approximately 
ei[ual <0 is. f or one-tenth of t £ ; and for that period it is easy Co 
convert ni[*:es into Sterling hy striking off the final cipher [Rs. i,ooo 
= £ioe). But ufteF ] S7 3,, owing to the depreciation of silver as 
vompartid with gold throughout the ivorld t there came a serious and 
progressive fill in S he esdhnnge, until at one time the gold value of 
tlic ni[>ee dropped H low as is In Order to provide a remedy foi 
the he,my loss caused to Che flovernmcnt of India in respect of- its 
gold jiaynwnt^ to 1*3 made in I'ln^land, and af*0 Co relieve foreign 
Lrade and finance from (he inconvenience due to constant and 
unforeseen IfoctomtiOnS in fx change, it was resolved in to close 
the mints to the free coinage of silver, and thus farce up (lie value of 
the m[iee hy restricting the l irCiLlation. The IrvtctUkm was to raise 
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, Lire exchange value of the ru]«o to ■ f, +f-, did (lien introduce a gold 
it^rnlind (though not necessarily a Bold currency) at the ruts: of tts, 15 
= £j. ThF* policy has been ermipkiely sficce-srsfiiE. from tS^p mi 
«:»tJs the value of the rupee lias been maintained, with m^ig.Tiifiauit 
ttuctuations, at the profiled rate of \t. ,\d . : and ccnnequemly since 
(ha: date three rupees have liven equivalent to two rupees before 1 8? j 
I'nr the intermediate ^riod, between 1 K 7 _j and ifityp, it is manifestly 
itti possible to adopt uny fixed uteri ing value fnr a ermstuntty changing 
rupee. Hut since 1 Seyp, if it is desired to convert topees mtoxterlinjr, 
noL only must bne final eipliOr he Sltitek uff (a* IwforO ifljj}, but 
aUo HifWj ihiid must be mj htnuetcd from the tcsuH. Thus Kv, i,ooc 
— £100 — $ = (about } £67. 

AnoLher m Oiler iii connexion with the eapf-c-raion of money '-ULe- 
ments in term*. of rupees requires to be explained. The method el 
numerical notation in India differs front that which prevails lltrGUgh- 
1 nit Europe. Large numbers arc not punctuated in luuidicds of thou- 
-sands and millions, hut in lakhs and < tores. A lakh is one hundred 
thousand (written out iis i,pp,.non) K and 0 more is one hundred lakhs 
nr ten millions (written out as 1,00,00,000). E ioLiseqttcmly, accord- 
ing to the exchange value of die ruppr, u lakh of ruptV;* (R:*. i,oa,aoa) 
may be read as the equivalent of £( 0,000 before and as the 
equivalent of (about) £6,667 after t&y r .i> fc'hile ;l eru:e of ru^jees 
(Ks. 1 .□0 1 6byDu^) rttay similarly Ijb rftlid as the equivalent of 
£ 1,000^000 before TH73. one: as the equivalent of (ahouLj £666,667 
after lJjqij-. 

Finally, it should be mentioned that the rupee is divided into 
16 annau, u fraction commonly user! fur many pur| soses by both 
natives and Europeans. 'Hu? anrui wax formerly reckoned as i \d. ■„ 
il mjy now Ire ounsidened as esnctlj ron-expanding to Trf The 
anna is ugmn subdivided into 1* pies. 

The various systems uf wights u^d in India combine uniformity 
■iif scale with immense variations in the weight of urviLs. The ’Cnlo 
used, generally throughout Northern India, and less commonly in 
Madras und Bombay, nifty l*e thus uxisre&ed ; urn; maund = 40 seers . 
one secr= 16 ebitUiks in tL'Iws. The actual weight of a peer 
varies greatly from iHstrict to l usirin, and even from tillage to 
vilLage; but sn the standard system the Lola is rSo grains Troy (the 
esac t weight oF the rupee), nod. the seer thus weighs 1-1157 lb. :md ihe 
numiKl fla-afi lb. Thb standard is used m official reports and 
throughout the £ Jatelfter . 

E'br calculating retail pricey the universal custom in India in to 
ex[>iess ibeiu in terms of seeis lo the rupee. Thus, when priori 
ohmisoc, what varies- is not the awiumii of money trt he pj.id for the 
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same qu-mlily n but the quantity to be obtained Flkt the same amount 
of money. In other words, prices in India Are quantity prices* not 
money prices. When the figure f*r quantity goes up, this of cmrM 
means that the puce has gone down, which is at fn-jt sight perplexing 
to an English reArier, Tt may, however, l)e mentioned that quantity 
prices arc not altogether unknuwn in England, especially at small 
shops, where pennyworths oT many groceries can be bought. Eggs, 
likewise, Arf COmhWnly Sold At a varying number for the shilling. 
If it be desired to convert quantity prices from Indian into English 
denomination;. without having recourse to money prices (which wtnstel 
often be misleading}, the following scale may be adopted— based 
upon the assumptions that a seer is exactly ± Lb., and that the value 
■< if thu nl[iSc remains Constant a t It, <\d, ; I steer per rupee — (about) 
3 1b. for 2 j. ; i seers per rupee — (about) 6 lb. for tt, ; and so on. 

The name of the unit for square nwwureisnent in India generally 
19 the bight t, which varies greatly tn differ enl parts of tbe country, 
Hut Areas iiav« iln'ip ken tsprewl throughout the GastUttr cither 
in square miles or in acres. 
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THE INDIAN EMPIRE 



VOLUME I 

DESCRIPTIVE 

chapter I 

PHYSICAL ASPECTS 

No- one who travels -through the length Hod breadth of the Fji ft ni$ 
continent of India can fait to be struck with the octra-ordinary 
variety of its physical aspects, In the north rise magnificent **piet*. 
mountain altitudes, bound by snOwfield and glacier in. eternal 
solitude. At their feet lie smooth wide .spaces of depressed 
river bftSifi* j either sandy, dry, and sUn scorched, or cultivated 
and water-logged under a steamy moisture-laden atmosphere. 

To the south spreads a g reat central plateau, where ifidigenou* 
forest Still hides the sCfttWrtd clans of aboriginal tribes ; flanked 
on the west by the broken crags and castellated outlines of the 
cidga overlooking the Indian Ocean, and on (lie south by gentle, 
smooth, rounded slopes of green upland, Something at least 
of the throes and convulsions of nature which accompanied 
the birth of this changeful land is recorded in the physical 
aspect of the mountains and valleys which traverse it g F and an 
appeal to the evidence of the rocks is answered by the story 
of its evolution. 

Qldwt of all the physical features which intersect the con India in. 
(inert is the range of mountains known as the Ardvallis, 
which strikes across the TVtdiutila from north-eatf to south- :irn*i r 
west, overlooking the sandy wastes of Rdjput&na. The Ata- 
vallis are hut. the depressed an<l degraded relics of a far more 
prominent mountain system, which stood, in Palaeozoic times, 
on the edge of the Rcjpuuna Sea. The disintegrated rocks 
which once fortwed part of the Amvaltis are now spread out in 
wide rcd-sandstonc plains to the cast. There VEndhyan and 
Cod da pah sedimentary depots cover the indent cdtu of 
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gneiss and granite which Conned the bed-rock when, in the 
earliest beginning of which geological science can lake 
flCcOunl, the Peninsula extended from |he Ai^vallis H> the 
present cost coast. There is n* evidence of any great change 
in the outline of the cast coast of India since Pals-ioicic times. 
No fossils nte found in the marine deposits of Secondary and 
Tertiary age in the interior of the continent. No life, no slow 
movement of creeping things, disturbed the awful silence of 
that weird landscape of primaeval days* when. India was 
represented by rhe centra] plateau and tts northern fringe of 
Atftvalli mountains. This, then, was the first stHge of evolution. 
Never since the FalneoEOic era has Ibis part of the continent, 
tieen depressed beneath the sea, Over ihe estrA-peninsUlar 
area, north of it and west, where now exist the regions of 
lli'uchistan, Afghanis!^, the valley of the Indian and HiJ- 
put&na, with the great extension of the North-western Hima- 
layas, the tides of a wide and shallow sea ebbed and flowed. 
Then, in TcrtiaTy times, followed, the jlo* formation of the 
f jqndwtEna beds, the gradual spreading out of sandy deposits, 
and the Outlining of the leading features of Indian topography 
as we sec them now. After ihe Flkmoic era, and during the 
secondary stage of cvolurion, when India was probably con- 
nected with Africa by dry land and ocean currents swept from 
the Persian tlulf to the Arihrallis, the rock Brea extended 
Over Assam ami the Jiastern Hiitidlayas, while Burma, the 
North western l-I imritayaS* and the uplands beyond the Indus 
were still submarine, or undergoing alternations of elevation 
and depression, 

At the close of the Cretaceous period, the Infinitely gentle 
process of sedimentary deposit and the dead repose of the 
geological world were rudely shaken. Then ensued a series of 
volcanic -cataclysms, such as the eastern world has probably 
never seen since. Two hundred thousand square- miles of 
India's .surface were covered with lava and volcanic deposits 
to a depth of thousands of feel, and the Deccan land- 
scape was shaped to Its present outlines. As the petied 
of volcanic activity ceased, there commented in the far 
north the throes of an upheaval, which has gradually {acting 
through inconceivable ages) raised marine limestone of NunS- 
tnulitic age to a height of j&,oog feet above the sea, and 
resulted in the most stupendous mountain system, of the 
world. The North- we*iHm ■Himalayas, Tibet, and Burma 
were gradually upraised and (ashtoned during this epoch; 
but there is evidence that Burma is it much more recent 
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geographical fiMtunfr than the North-western Himalayas, which 
m-tri fomudahlc mountains even in Pliocene ages, and were 
much Is they AtC rtOw jri the days when the Siwillik. fauna 
browsed in sub-Himdlayan forests. The period of earth 
movements appear* to have culminated In the Pliocene 
period, but never to have subsided ; for these movements 
are even now perceptibly reshaping the end* of Indian 
physiography. Ihc sea, which once Hooded the area 
of the western frontia hills, Tibet, and Burma, was driven 
back] and the ItiannO rock deposits of (lit west were crushed 
and folded as we see them now, where their serried battalions 
of ridges, line upon line, present i foshidding front to the 
Indus valley. The formation of a great depression was more 
Or less coincident with the upheaval of the mounts i ns. At first 
it was a wide and deep partition between the Himalayas 
and the Peninsula, which the collected alluvium of ages; 
gradually filled as it was brought by the action of the great 
river of the west, the Indus, from the whole Himalayan system. 
A comparatively recent development of these movements 
between Assam and (he Kojin si In) hills lias formed the 
eastern or Ciangctic depression] and the final dividing of 
the waters of these two great riven-system* (Indus and 
Canges) may have occurred almost within historic lime. Mo 
further change can now take place; for the rivers have 
marked, out their Own courses And Adjusted their gradients to 
permanent beds. 

It is doubtful what happened within the limits of the 
Peninsula while these great movements and s-hiftings of level 
were in progress beyond it. Probably it was then that the 
connecting link between India And Africa was severed, and 
that the western continent, indicated by the coral archipelagoes 
of the Maidive and lACcadive island*, WAS submerged] but 
geological science xr lines to the opinion that the elevation 
of the Western Gh3Js was comparatively recent. The stee|> 
sided, narrow valleys of the fihAts, where the streams arc 
still cutting their way back at tiieir source* and gradually 
working their beds dawn to 3 permanent level, appear to 
be in the same stage of development as these of the estra- 
peninsular hills. One result of this [xrocess of evolution has 
been that nearly all Lhc great rivers of Southern India take 
their rise in the western hills, and flow across the continent 
to the Bay of Bengal, '['he Narbada and the Taplj alone 
cut their way in deep channels westward ; and there arc 
indications farther south of A third great river which may 
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WCS have '\U way to the Indian Ocean across the 

continent, through what is known as the Pfllgbit Gap to the 
south of the Ntlgiiis, The inference drawn by geologists from 
the general distribution of the hydrographical features of India 
seems to be that the tontmenlj as we now know it, ia but 
the eastern half of a far w-der tone! are*, of which the mein 
water-parting was nearly, if not absolutely, coincident with 
lint of the Western Ghats ; and chat the river* flowing west- 
ward therefrom have disappSartd with the land which they 
intersected. 

Throughout the more ancient region* of the Peninsula the 
rivet* have eroded their channels Co the point of adjust- 
ment between grade and rock resistance, and the level ha* 
become permanent. Thu* the usual characteristic of Indian 
peninsular landscape is one of brtwd and Open valleys with 
gentle- slopes. Only the scarped edges of the sandstone 
outcrop maintain -deep cliff* wherever they occur (a*, fot 
instance, at the southern edge of the Vtndhyan sandstone 
area, overlooking the KarhadS); and the variable resistance 
offered to denudation- by the horizontal strata of the Deccan 
trap gives to Western India a certain predominance in square- 
cut rock edge and mountain wall which distinguishes- Lt from 
the rest of the continent. 

In the extra-peninsular area the physical characteristics of 
land surface have been shaped by bder processes of geological 
evolution. Here the rivers arc still to be found deepening 
their channel* at the bottom of narrow, steep-sided valleys, 
frequently raising their beds by the deposit of silt and 
alluvium, falling up low levels, and spreading out broad plains. 
In the long process of nature's mountain -building the slow 
upheaval is ofum of later date than the river channels. 
The rivers, retaining their ancteni courses, have cut for 
themselves narrow waterways across the Strike of the hills,, 
and reach the open plains of the Indian border through moun- 
tain guTges Or narrow deft* and gateways of most remarkable 
aspect. 

India, thus Tougbdrewn by the hand oT nature, had hardly 
added the finishing touches to her outline* when her beauty 
and her promise were recognized by man. For many age* 
India was not known, even to Us early inhabitants, by any 
single cpLthet which, would embrace all her tribe* and races. 
The earliest recognizable term for India, Eblralvarsha {the 
land of lhe Ebilratas — a noble warrior tribe which cune ftCIm 
the norths applied only to tine baaing of the Indus and the 
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Cannes, and unly to a part (yen of ihflm, Central Airman 
peoples, pouring through the highland passes into India, im- 
pelled southward by the crowd n-J competing humanity in 
High Asia, found their progress barred by the Indus., which 
Appeared to them to be a vast expanse of waters, even 
as the sea ; and they called it by the ocean nanve of Sindlma, 
a name tliat still survives in the region bordering its lower 
rcaches, The Persians cal led it liertdu in the Zend language ; 
the Greek* reduced the name to Indo*, but they knew the 
not i vo name, Sindhu*. tiastern nations equally with the 
western knew India as the land of the Indus, The famous 
Chinese pilgrim, Hiuerr Tstang (6:9-445 A. ft,), decides that 
the rightful appellation is Tn-tu. Modem Persian, which makes 
it * Kind, 1 has been adapted in the title of tile Emperor, 
Kaisar-i-Hind, thus giving it a far wider application (ban its 
original signiftaTiee, which was lim ited lo a pan of the Punjab 
and the basin of the flanges, 

India can no longer be considered apart from that wide Enniina 
hinterland of Uplands and mountain* which (lank the lot* MjiSIi!^* 
depression of die IndoCangrtic plain, Economically, pciliti- 
'cally, and physically, the India of to-day must be held to 
include those outlying territories over which Indian administra- 
tion extends its cvUrol, even to the eastern and southern 
.limits of Persia, Russia, Tibet, and Chino, lly India we 
no* imply hot merely ibe wide continent which Stretches 
southward from the Himalayas to Cape Comorin, but also the 
vast entourage of mountainous plateaux and lofty ranges which 
remain an everlasting wall between it and the rest of Asia, 
and across which through all historic ages its land approaches 
have been found. 

IV e have, then, two great divisions of India to deal with. 

First, ihfc OxtrA-pfeninsular area of highland and lowland— 
the recently elevated plains and peaks of Daluchisljn, 
Afghanistan, Kashmir, the Himalayas, and Burma; and then 
the true Peninsula — the ancient India of the dim geological 
past— the India of Old-World fable and of English history, 
which includes the great depression of the Indo-GangftrC plains. 

The land approaches and gateways to India liave ever been 
on the west and north-west, cither through the Sterile rock 
way* Of -Southern Baluchistan to the Indus delta, or across the 
plain* of Kandahir to the defiles of lower Sind, or by Ghazni 
to the Indus valley. Of by KJbul to [he Punjab, These have 
always been the main channels for the flow of immigration 
from Central Asian steppes and valleys into the golden land of 
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premise, at well as the narrow pathways for ibfi commerce 
of centuries long past. If, in a future of railway development 
and a rush of motor traffic, cnee again the bad approaches to 
India rival those of the sea, then win acme of these again 
become the highways of the eastern world, and we shall take 
our tickets in London for Herlf, and change at Kaodahlf foi 
Kabul or Karachi. 

There ate other tracks and by ways of the mountains 
through which from lime to time men have made theft 
pehLous way to the plains of India. Routes e*lst by Leh and 
Kashmir, or by the gorges of the Sutlej from Tibet, or by 
the passes beyond Gilgit from the Pamirs, nr hy those ol 
Sikkim from E.h.lsa; but these ate not the highways of a 
multitude. No rush of Envision from the wear, nr nf Central 
Asiatic migration from [be north, ever swept through them 
southwards, and none ever wilt. The stupendous dispositions 
of nature still overmatch the beautiful but delicate provisions 
of science, and we must perforce accept such roads as nature 
points out, and treat her indications with respeci- 

It is therefore appropriate to commence with a general 
description of the most marked of the physics! characteristic* 
of that region of mountains and highlojpds which shuts ofi 
the Fen insula from the rest of Asia, and which we call the 
Indian borderlands We will start from the arid shores of 
Tluhtchistaiir 

Sou them Ealuchis(3n [including MafcrSn) baa been variously, 
and sometimes erroneously, described by rosmy writers, from 
the days of Herodotus to those of the latest Census Report. 
A short but conci$o description of Makian has been given 
w by one of the greatest of (he mediaeval Arab travellers, 
1 j cl liankal, and st is at Least fairly accurate, if not exhaustive. 
* Makrin ij a vast country, mostly dcsert, J says thia writer. 
On the whole it is desert— a dtied and withered country— 
having lost much nf a former water supply which once Tendered 
the greater part of it not only habitable but fertile, 1| is 
full of the idics of ancient irrigation works, dating back pro- 
bably to the era of Himyanlic occupation. Nevertheless 
MaktUn even now includes lung but narrow valleys of veiy 
great fertility, where date palms flwirjjb and fruit la 
cultivated amid fields nf wheat, and maize. These valleys 
run mostly east acid west, and they are bounded by long 
rugged ridges of barren rock, wrinkled and folded in parallel 
lines, and often packed in dose formation serosa tire wide 
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spaces interven ir^ between them. The drainage is often 
* antecedent la ttuc ridge formation, when it splits the i»is 
of Hie folds, finding its way to the sea through narrow 
clefts and gorges. This structure is only & Lfrak. in (.be Long 
series of similarly elevated and folded antrclinals which 
distinguish the frontier fcnhatioiig gencraEly, Throughout 
Baluchistan, from the (loin a I river southwards, the frontier 
barrier Ls ccraiEfosed Off lines af uplifted serrated strata from 
which the softer material has been deluded, filling tip the 
intervening troughs, and leaving the edges rrf the harder rock 
in stiff and broken ranks, ever rising in alLitude one behind the 
other, from the IruJua vaLLcy plains to the great limestone back- 
bone of the Sulaimin lyitefll. Then tlicy fall away in more 
gentle grades to the uneven plateau of the hifiierland^ Some- 
times the face of the rocky ridge fronting the eastern plains 
piGscntS *Fl unbroken level wall of great natural strength, 
such as no man oan pass, for hundreds of miles. Such 
is (he Kltihar range, stretching northward from the Karachi 
frontier to the passes of Kalit, At other points the transverse 
lines of drainage open up ways more or Jess constricted or 
narrow, ramped with the detritus t>r ages, and leading from 
one sloping valley to the neat, through rocV guarded gutew-gys, 
evet upward from tlw plains to the plateau. Such arc the 
pa&tis of Mala, of Mashkat and Itoliin. At one point, 
opposite to Jarohlbsc! in Sind, a deep indentation, or bay, 
in the bills disturbs the symmetry of these paiaLLel flexures, 
and drives them into curves, pushing back the litto of fridges 
as with a wedge, piling thorn into huge tnani/s at the 
apes, This 15 (he GJLrtdSva basin (Kachhi Gfcndava), which 
opens the way to Quetta. Quetta thus lit? in an open 
plain, 5,500 feet above the sea, surrounded by gigantic peaks 
[Takjilu, Chilian, and Mutch r), the highest chit are to lie 
found south of the Hinsillayas. But throughout the banded 
formation of hills which guard (lie lower Indus valley (be 
same natural causes have produced the same shrinkage,. Of 
wrinkling. Of the earth's crust; so that (lie same physical 
■features are to h* distinguished throughout, in spite of inter- 
ruptinns and breaks and the alteration of the general axis Or 
line Of Strike. South of Quetta, about the latitude of Kalfit, 
a division occurs in this banded gridiron formation, The out- 
side or easternmost ridges retain their wrigiiiat strike, and reach 
down southwards to the sea. The inner ridges curve gradually 
westward, accentuating the curve as ibey proceed southwards, 
till they ara running east. and. west in Maktfti, and so continue 
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in rough linfj of [saraLlelihin along the border of the Arahtan^ 
Sea and through Beraia to the north of the Persian Gulf, 
The MakrSn fonrcialLon is hut a lEiflt in the Series. Between 
the parting of the wAys, where the imrer lines of ridge and 
farrow strike off westward, from the outer, Lies the little 
hlfuvifll stale of 1,03 Bela- Here * ^ItlparatrVeLy small rirtt, 
the I'cr-iii {the Arabia of the ancients), drains the triangular 
area, and Lias spread abfoad alluvium sufficient to eimire 
,1 fairly prosperous Agricultural Landscape, 

It should be dear from this brief outline of the general 
formation of the frontier hill* of Baluchistan that all (he K1JUH 
Sines of com muni cation are shaped by the valleys, passing 
ebrnugh the endless troughs til dosed within the lines of rocky 
sertaied ridges ; and thus it ia that from the Persian frontier to 
Quetta routes may be found which encounter no formidable 
water-partings and cross no difficult passes. It follows also 
(although not quite so obviously) that from Kandahar in 
Afghanistan lo (he sea southwards, equally easy passages are 
to he found, involving little or none of the constructive diffi- 
culties whkh have ever beset tiros* lines of railway which take 
the frontier hill foiEnatiun at right angles, cutting across the axis 
of the ridges. 

North of MnkrSn (which is but a maritime province, barely 
ioo miles :n widths north-west of Las Bela, and west of 
Kftlit, i* a bi--i ii of inland drainage; flat, stony, sand-wasted 
and hare for the most part, but cultivated in patches, gently 
subsiding to a level of about ?,ooo feet above the sea, more 
or less intersected wilh dry stonfrdustet) hills, and generally 
presenting the aspect of broad wastes of undulating sand- 
dunes, or dry alluvial fi«i with a. scanty sprinkling of low 
scrub. Thu intermittent drainage of this generally desert 
country passes into swamps, or lagoons, which widen their 
benders, or restrict them, according to the changing inflow, 
and are intensely saline at low ebb. The Mtihlwl Hifloiln 
(or V'* j nip) receives the waters of the Ralchshln, which 
rises near Kaliit to the north-eASt, SS wed a* three of the 
IhiaV, which drains the volcanic regions to the north-west, 
east of the great Kiiman desert. Jrdo the Moshkel also 
drain the scanty waters of Ktrtrln, the home of the desert 
bred NiiusherwUni tribes, The Lora llimun (not too miles 
removed from the MAshltel) receives lh* river of Pishln. r I'he 
wide outspread of the Scistin ll^mrms (on the BfiWO- Afghan 
border, north of Baluchislan) receive* the full tide of the 
UelrMAnd river {rising near Kabul), as well as the water* of 
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■mn-ny streams fit™ the north -rust intersecting the highlands of 
' Cental Afghanistan, These- Sdstln HAmii nS are provided with 
an overflow outlet in the ( raod-i-frrreh, an extensive- sail swamp 
tfw; fiwtli-i^aiterji edge of which ss only a few mites from the 
Heimand at the point where it bendi northward, Thus the 
Heltuand pners its fltxxf-waters first towards the south-west 
from Kibul h pfl^ng to the iKHth of Kandahar; then due 
rtnrth Lo the Sdstfln lagoons ; and finally, reversing direction in 
its overflow, turns them bach from these lagoons in a counter- 
march on their northerly icuitse to find final refuge in the 
tyaod-i-Zirreh, The greater [inn of this great inland twain with 
sm sea outlet (which is only one instance of a common feature 
in Asiatic physiography) is debitor waste land, spreading itself 
on. either side the Helmand into Southern Hal uchistAn and the 
Kandnbilt province of Afghanistan. The preen, valley of the 
Hclmand, which inrergsets it, receive* no tributary stream 
front north or south for the last jqo miles of it* cOUrK- It is 
only b namvw ribbon of fertility, dividing the flat barttnrtest of 
Chakansur from the waterless Lracts nisrih of the Koh-i-Amlt 
and Che l.ora river. Hut (he latter river now feeds the lately 
developed luxuriance of Ptshlil ; ftndmany of the upper a ffiuenti? 
Of thn Helmand within the thjrdeTS of Afghanistan, as well as the 
streams which run southwards from Herat in their oouraft from 
their highland soured to the SciBtfln swamp, pass through regions 
of fair abundance, where the wheat-fields are intersected with 
poplar-shaded canals, and orchards cluster in thick growth 
■arouhd the villages. 

Southern Baluchistan is the homo of the true lialoch, 
descended from an An?!: ancestry, still largely nomadic in 
hLS proclivitivi, proud of his Tflve and lineage, and redeemed 
from barbarism by chivalrous instincts detived from his 
forefathers. Tocher with thv ' Arab, there ate Kurdish 
peoples, with Inter Persian and 1 )n vidian races, intermixed 
with an original Tijik for (Uicknl Persian) stock. But there 
are no Pith-inS, or Pashlu -speaking topics, in Southern 
Baluchistan. Northern Raluebislln (say from Quetta north- 
wards) is Paths n, and it differs from the southern districts in 
that it is more mountainous {fair it is more restricted to 
the Indus border country) nod ks* desert in it* character. 
The HulaiiTviin ranges, which traverse this northern section, 
culminate in magnificent peaks beset with stupendous 
limetuine cragS- The valleys are more cultivated, the wild 
Olive abounds, and the slopes of the halls art often forest- 
covered. 
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From SaDudiisUn northward {the political boundary is the 
(joraa! river) there streoeh the narrow irreguLar bolder 
districts oF Fathan highlands {now brought under the 
political control of (lie chief of the lately-formed North-' Wert 
Frontier Province), Full of uncivilised tribes, who interpose an 
independent: buffer-land between Afghlniatlo proper and the 
red line oF British India. This country in all mountainous-, 
and through it there tun the chief passes lo Afghanistan; 
namely, the tJomsd, the Tuchi, the Kurnm, and the Khyber, rn 
succession Trom the south, Cettain physical characteristics 
are ihc common propen y of alt the* passes. There ia lilde 
oF the ordered tectonic regularity of the Baluchistan, border 
mountain system in the Fathan hilts of Lhc northwest. 
lVarlristln, LmmrsdiaMly north o f the Gomed, forms a more 
Or few distinct CfrOgriph iCal feature* geographically uncon- 
nected with the outlying spurs of the Safcd Koli on the 
north, or thu SubimSn ridges cm the south. Its rutiled 
i lex -covered spurs centre on the giant peaks of Ptrgbal and 
Shuidar, overlooking the plains of Afghanistan toward^ 
Chaini, To the north of the Waairistdn mountain group 
he the long-extended foothills of the great transferee lb. fed 
Kob range* which stretches jts length almost dufr east and west, 
parting the vaLleys of the Rurmm and the KabaL almost at 
right angles to our frontier, its southern cdfslboots enclose 
the head of the Kunrsm, and form the dividing ridges 
between the Kunam and the Toe hi. The magnificent pro- 
portions or the Safedl Koh, its altitude, its severely straight 
yet riiggi-d outline distinguish it among the minor ranges 
of Northern India. It rivals the Sulaimdn range, crowned with 
the historical TakhL-i-SulaLmiln, in the grandeur of its array 
of lofty peaks. Thu KS.bul river, at the northern foot of the 
baled Koh . absorbs the drainage of the southern slopes of the 
Hindu Kush* which, from the far north, ernendii its long level 
spurs parting the waters of many historic rivers, among which 
arc the Xunar (or the river of ChltrSl), the Ibnjkora, and the 
Swirl . All the mountains to the north of Kabul arc but out- 
liers and spurs of the Hindu Kush, which circles round, enclos- 
ing Kabul itself and all (he arteries of the Kabul rivet basin in 
its embrace, ere it strikes away to the west, and merges into 
another great mountain system, which parts Southern Afghan- 
istan from. Afghan Tillliiltin, It would perhaps be geographi- 
cally correct Co include the tinted Kob as an extension of an 
arm of the Hindu Kush ; and to note that the Kabul river 
breaks across the chain, splitting if apart in its course between 
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Dakko anti the plains. But lliere is none of the wcakiiHi&i 
of a long-extended offshoot ahnui the SaFed Kob, It main- 
lains all the magnificent proportions of an independent 
range, and it is Thus that it l a generally recognized. One re- 
sult of ihia distribution and EbuctdA of lhe FalhUn moun- 
tain borderland is that the drainage lines support i eg the 
routes which traverse it [and which represent ibc extent of 
British occupation) are not structurally similar to the passes 
of the south. It is true that they traverse narrow mountain 
gateways as they approach the plains of Iii^Ln , and that they 
arc usually enclosed by iteop-aEded hills hut they frequently 
expand into comparatively '■rid e alluvial plains, -with a gentle 
slope through which die rivets wind and twist in many 
channels, and seldom (until they reach the ridges which 
bound the plains of lhe Indus) split a waterway for themselves 
across the axis of the hills. There is marc latentl exjiansion 
(especially in the valleys of the Tcchi and the Kurrum) and 
less of defile, or gorge- gripped formation, in the Course of these 
rivers from the plateau to the Irvdtis- 

Behind and beyond the band OF border mountains lies 
Afghani-slim less approachable now than it sms fifty i55i: *' 
years ago, and still the greatest Muhammadan kingdom 
of lhe world after Turkey. .Afghanistan slopes gently 
downwards from north-east to south-west, but never falls, 
below lhe t.joa feet liaic of altitude al>Ove sua-lcvcl, which 
is about the elevation of lhe ultimate bourne of the Hclmand 
in the traodd-Zinrh swamp. In the north-cast the level 
of the valleys ls about 4,000 or 5 ,000 feel, and the crests 
of the Hindu Kush mountains tower above them u» a a, 000 
feet; but there are no great altitudes in thtt south-west, and 
the western borders uf the country maintain u general average 
of aheyt feet from HemJt 10 Kandahar. Four great 

river-basins absorli nearly ihe whole drainage of AfgltfntsUn : 
namely, lhe Kabul in the north-e*d ; the thxus (including the 
Oxua desert) On the north ; the Helmand in ibc centre or 
south-west ; and the Indus, which tiki* that border Tringe 
of river affluents rising to lhe wort of the indcEtendent 
borderland. To this must be addrfl the minor basin of the 
Ran Rud, the river of Het3t 

A remarkable feature about Afghan hydrography is the com- 
paratively small amount of it which has connexion with the M. 

Or even with the Oxus or lhe Indus river*. The desert tracts 
south of the OallSp and those ihout Meuv, absorb nearly all that 
waters AfghiSrpTurliistan. The desert of the Hehnnnd lakes 
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Ihe in flew of the many stream* which traverse the cnntrtt], 
highlands ; and hut fiyw of (hose which wind through the 
gorges and gullies of she S ulai me □ hills i'V«r actually Join the 
Indus, being absorbed before they reach that river. The 
Klbol rlvor alone, wiLh its great northern influx from the glacier - 
bound ridges and rifts of the Hindu Kuril, carries a full title' to 
the Indus ■. and even the K^bul river and the river of Heril 
(the Hari Rfid), and many another promising source of 
fertility and strength to the land, often rtiri dry in their upper 
courses at seasons when their waters are carried by a thottsind 
minor channels into an artificial system of irrigation. There 
arc no more expert irrigation engineers in the world than the 
Afghans, They utilize every drop of water when water is 
scarce. They out wit the Persians, and rival the Chinese, 
in their practical know ledge of the art of making green things 
grow in city places. 

The northern province of AfgbSnistin, the province of Kibcil, 
pushes itself into the very heart of the mountain masses which 
buttress the Rn mirs pnd hide 1 h* wild valleys of Kiflrlstan. The 
Hindu Kush ;-s the range fwr i-xcri^tHfe of Northern Afghlnis- 
tJn, from the point of its parting with the ice-bound Muztagh to 
its junction w j i h the dividing ridgea of the Ba-nd’E-TMtkisiaii 
and Kuh-i-lfiba, where it overlooks the plateau beyond which 
lie thu deserts ond oases of the Oxus basin. Rugged and 
elevated ns the Hindu Kuril maybe, it is not Himalayan in i|» 
mountain characteristics. There arc few peaks of tfuitc firat- 
clflss significance (the moat majestic and the most prominent 
of them are to be found based on its flanking xpur*^ aod there 
are revctal depressions across which comparatively easy by- 
ways connect tire nurth and south, It is amt the Hindu Kush 
watershed itself which forms the northern barrier to India, 
but Lire inconceivably difficult approaches to which its passes 
Lead. The most famous of all the Hindu Kush pagsea (hi** 
(orically) is that which, is said to derive its name (Hindu 
Kusht, or '‘dead Hindu') from the fate which one?; befell 
a Hindu force on Ils summit, and which is but one of a group 
leading from (be OxuS basin to KSbuh This has indeed been 
a veritable highway pf the nations. This way came Alexander 
with his {trcck following, and it would take a chapter to record 
the successive tides of human migration (iicyth and Mongol) 
wluch have swept through those frozen gateways to the north 
Of K:l.hu]. U’c can only note in /MitAitl that such history is 
very unlikely to repeat itself. Iriom the point which is geographi- 
cally the western termination of the Hindu Kush system (a little 
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to the south-west of Kabul) long spurs ami offshoots descend, 
radiating slightly west and soutli-west from their base lliTCrngh 
Central Afghanistan, arid forming that series of Inconceivably 
wild a«ct inhospitable uplands which are the home uftho Ha^ta 
and kindred tribes of the Chabir Aimak. It was within these 
hills that the ancient capital of Char once stood, and it is 
at the Ihsg of theac long-extended offshoots that some of 
ihe richest land in Afghanistan now crisis, The physical 
characteristics of Baluchistan the dreary monotony of stone- 
covered waste, with scanty scrub and struggling vegetation 
clothing the hills with green patchwork — arc not to be found 
north of its south-western deserts* HOT in Afghan ist^n* where 
the northern hills are rich with verdure, and theii pine-clod 
sfummils arc but the prelude lo Uw yet richcT mountain 
Landscape of Kashmir, 

Of the 246,000 square milfla which are included in 
the kingdom of Afghanistan probably thTecdcurths arc 
mountainous, Kabul, at a height of 5,780 fw above sea- 
level, is enclosed among the spurs and foothills of that 
part of the Hindu Kuth which nW emee known to the- 
Greeks as I'AmpunHus, Hcrftt, at the lowflt altitude of 
j.ozti feet, is still overshadowed by mounlains, which clo^c 
in the long narttt* valLry of the llari Rud like the sides 
of a trough. Kandahar ^,462 lect above ihe sea) is less 
dominated by mountain fc-Tinahon, The hills about Kiindohlir 
partake of the characteristics aJ the Bnluch mountains* breaking 
into scattered straight ridges with scarped Hanks and serrated 
crests. The valleys of the Kabul basin are usually narrow, 
winding between the mountain folds or shadowed deep in 
cHff-bound gorges j bu t where these gorges occur at the outlet 
of the valley, they not infrequently cause an accumulation of 
alluvium and a widening of the open plain, abo^e them, which 
affurds opportunity for the exigence of clusLcrs of villages and 
a fair spread of cultivation. The Kohdamlin valley, north ol 
the City Of Kahul ■ the valley of Ijghmftn, from wbkh the 
Kabul river enters by the narrows of JVomandl ; and the 
valley of the same river near IJatka, above the narrow outlet 
of its passage through the Mohntnnd hills, arc inslanCeS of 
this formation. South of Kabul, beyond rite basin of the 
Kibul river, there arc many estehsive valleys, teeming with 
villages and highly cultivated. The great ^and almost, level) 
high road from Kabul lo Kandahar passes through A fairly 
rich country* a land of irrigated fields and green pastures. 
The valleys of Charddl* Maiden, Wardak, and Kuhistsn aK 
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visions of luxuriant beauty in the lniLt-ti|icniiip months af_ 
Northern Afghanistan. The most productive areas, However, 
are undoubtedly ’ thoso of the w«t and south. Hertt is 
the centre of a E.rn3iliaraiivdy restricted valley, which is t£ 
exceptional fertility; but the urea which can be brought 
under Cri.ipi l>y the biuocoated Tfl jik husbandman with 
his triangular sfiftde is limited by the water supply of the 
Hari Rild and the steep slopes of the enclosing mountain 
wol]. It in probable that the richest districts of Afghanistan 
+ne those north of Kandahar, which arc watered by the 
Arghandah the lower Helmand; but (hey are also the 
least known. 

The geographical. iHreition of 1 leriit with reference to Central 
A>ia, and India is of peculiar interest. Near Herat thane 
exists ihe only break in the otherwise contmijoi^ and fotinid- 
able wall of mountains which traverses Asia from the Bering 
.Strait to the Caspian Sea* Near llcnt it Ls possible to pass 
from the- Russian outposts and the Russian railway ay stem to 
India without encountering any formidable altitude— and this 
I* possible nowhere else. 

Turning again to the north of Afghanistan and the borders 
nf Kashmir, we find a thin arm of turritoty teaching outwards 
on the eulreiiLe oerth-oast. This orm includes the Little 
E 5 !lmir, which here interposes as ail Afghan buffer between 
Hussia fjnj i III: hinterland of Kashmir. The southern boundary 
of the Little Pfimir is fnftiied by the crest of the Hindu Kush, 
wbkh unites at the extreme eastern, limit 4 of the Pamir with 
two other gigantic mountain ranges : one, running northward, 
separates Russia from China; the other, running Buulb-caat 
funder the name of MuztSghh, divides a$aln Into two mighty 
arms eastward and south-eastward, and encloses between 
them the rugged and eVwued horn of North-western Tibet, 
lining those desolate uplands from Chinese-TurkistJn cm the 
north, and from the trans-Indus IjOrderlJtnds rtf Kashmir 
mi the south-west. 

Thu square block of Kashmir territory (excluding the Chitr3l 
liintvrlanrf, which is not politically an intern! jurt of the State), 
ih traversed across its width by the deep trough of the Indus 
river, which here runs from south-east to north-west, sometimes 
sliding over bioad shingly bed*, 90mefrmrs bteaVing into 
[■atataeU amid vast mountain solitudes. Changing suddenly 
to a south-westerly course, in about jj 3 L. tong, {a little to the 
cast of Cilgrt), it makes its way to the plains of Peshawar 
through mountain d^ncts so wild and unapproachable as to 
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Jbc even yet, only ]rarttal|y explored. To the west of iJtEs part 
of hs course lies the Gilgit extension of Kashmir territory, and 
the passes therefrom to the Pimiira and to Chithil, Farther 
sooLh are the upper valleys of Boner, Swflt, Ikrjaur, and all the 
wild borderland of Itih* -which ties north of FteshSwar and east 
of Kaliristan. N o part of the Himalayas lies beyond the 

Indus, either west or north. To the west we are Immediately 
confronted with the long offshoots of the Hindu Kush, To 
the north we meet another system, the Muztlgh aitcf its 
JUrafcotam eiiLenston, J |Be great hend of ihe Indus endrsn 
the HimrLlayas on the north-west, as the bend of the Brahma- 
putra enfolds them on the south-east > the two rivers starting 
from nearly the same central point, and (burling deep troughs 
at the hack of the Himalayan system during I heir earlier and 
gLacicr-fed stages of existence, They may be considered ns 
the natural drains of a gigantic ice-bound wall, pouring their 
glacial floods in opposite direction* to either side of India. 

Their deeply eroded valleys art, however, but scratches: 
on the vast surface of the elevated region of which the 
Himalayas with their multiplied hands of ridge and range 
form the ahutmentr The Himalayas are the wrinkled nnd 
Corrugated snuthern edge of Ihe great Tibetan plateau, cor- 
responding in mnrty of thuir moat important geographical 
features wish the Kuen-lnn abutment on, its northern edge, 
un4 not separated from the plateau hy the iuxi(lent of thg 
Indus and Barahraapulfi dmina. 

The Native State of Kashmir includes about 300 miles of the 
mo$t elevated crests of that magnificent mountain system, the 
MurtSeb. Dominating ihese onesware such gigantic peaks as 
Godwin Austen (a 3,300 feet), Gasherbrnm (aS.ioe), and five 
wonderful white pinnacle of Rakaposhi, north of Gilgit, which 
with the cam[HTatively modest altitude of 35,561 feet combines 
the gratae Of the Matterhorn wills the majesty of Mont BlarvCr 
To the south of the Indus we have the imtud peaks of the 
great Hi mill ;i van ranges {notably of the ZiUk^r)^ uhieb 
stretch their Length through nfeirsy 1,000 miles from the 
massif of Nanjja Farhat (a6. 1&2 feet) to K.inehinjun$i 
(jfi.ow) ?nd Everest (a 91,000), err™-neii wirh a ^iirrering array 
of magnificent snowy peaks, and unbroken save by the deep- 
cleft purges of the U[V]ier course* of the butfej and Gogra, 
which form the mighly northern barrier between Indio and 
Tibet. 

The Kashmir of tEie British holiday-maker is, however, TtuViteaE 
not Ihe Kashmir' of the Indus basin, hut of the basin of the Kashinir ' 
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J hcl urn, centring on the capital,, Suna-gar, and lying spread 
between the Zaskar range on the north and She Plr funjal 
offshoot on (he south. This is but A comparatively small 
section of Kashmir territory,. and it ow« its marvell-om 
foi r ilLty and ils unapproachable beauty to the gco^raphuMl 
distribution of tlic surroun d mg lidls. Th*ve dfose in the 
[isss-ige nf the JheEuni at ISaramOla, where Jt bends southwards 
tv hen matang for (he Rawalpindi plains, and thus vast stares 
uf alluvial -wealth have been snatched from the river to spread 
■m ciiher sido in gently grades and sweet smooth dopes. 
T he cold bleak highlands of iJeoMi atvd Ijdakh, beyond the 
73st.nr,, and die open, Yvtnd-5wept| dry-salted solitudes of lb* 
north-e-aslcm plains adjoining the Tibetan border, are not 
much Lra versed by Europeans, although the passes leading 
lodilgit -i-e- the T ia^bal and the Burril. the Astor valley and 
Jlunji — are now tolerably familiar. The beauty of Kashmir 
■is the heauty of its western and southern districts, where 
NungA l^rhoi looks across the deep-shadowed valLey of die 
Indus to Hakapodii, or whiirc Hanlmukh is fleeted in the 
purple waters of the Wubf Like. The physiography of 
Kashmir in relation to the RtninSUl* of India is economically 
most important, Inasmuch as the great reservoir* from which 
is drawn the water supply that fertilizes the vast flit plains 
of the land of the five rivers arc contained therein. Here ire 
born the infant si reams which feed the Indium tile Jhclvim, 
the Cherub, the Ravi, and, to a great extent, the Stilkj also, 
Kashmir is the great natural storehouse OH which the wealtli 
Of a third of India depends. Economically, again, the 
climatic conditions of the eounlry ire important; for it is 
here that European colonisation is to succeed, if it succeeds 
anywhere in India. The English race fraj never yet 
taken root in India, but it seems possibLc that with mtw 
facilities for occupation Kashmir might become a white- 
m sits country. 

Eastward of Kashmir, across the wide frontier of Northern 
India, the Himalayas CCuilimi* to port India from Titm, 
from the great central range of snowy peaks to the Indo- 
C angetic plain there e*ista a width of about roo mile* ol 
mountains, comprising many minor ranges, steep-sided and 
deeply eroded by river action, distributed vrilh -1 general 
approximation to parallelism with the Strike of the gtaal 
central range, hut often highly irteguEar in conformation. 
Where- these ranges have a northern ns^ct, they are usually 
fores l-cov-cTed to their summits, On tlie southern slopes, 
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the folds of ihc hills are often hare and dry, Kubjc'ei. to forest 
Ares and the deprethnioits of flocks nrcd herds. Wlrerevfrr 
I he winter sun to-ochre- LUil-sc miter hills,, lhtiC h Ef l he ‘-lofscs 
he not prohibitive, is. the commencement of terraced ^t|l|,i- 
vatino, which often earned up through thousands of 
feet Until the whole mountain-aide appears to he hut a 
succession of staircases with green-carpeted steps, Under 
British protection the cultivation of Lfre Hintldapn valleys, 
around such centres as the hill Stations, is increasing TU[ridly. 

The magnificence of Else Urrcst scenery of the Himalayas, 
crowned bv the everlasting snows, is indescribable. Thu scarlet 
masses of the rhododendron wood*; in May ire the glory of the 
hills about Simla i the suit-tropical forest growth ol tre-e-fomM 
and bamboos which clothes the feet of K.inchmjunga strikes 
the key-note of landscape beauty in ihe valleys beyond Dar- 
jeeling. 

From die southern foothills of the suh-HErrnlayas there Th<- -ii. 
extends a width of high-lovcl territory, flanked by an outer WJ,1|U 
ridge of recent formation known ns the SiwMiJts— a feature 
which is common to Himalayan structure throughout most of 
the no^th-western extension of the system. The SiwItLiks ary 
famous in groLogical annals, for Lhc wealth of palaeontohn'ical 
evidence which they have given to die world. Physically they 
aie but aline of broken and disintegrating hills which mart 
the first step upward from the plains* enclosing an area 
of great richness lying between them ami the Itimilava:!, 
fbcrthilK Tltew -upland valleys skirting the mountains an; 
usually Called. DQn r and they include snnn: yf ihe most 
fratile and most beautiful of Indian lowland formation in 
the florth’Wrsh 

The Central Himalaya? are Iwrderud by densely forest’ Tbe Tat jL 
CCrVered tracts called Tarai, or (on the extreme cast) Dims. 

The T4rfti or Du3r forest* an; generally reckoned to In: 
the most deadly of nil the fever hatin ted jungles of North - 
CT " 1 India* and yet they cover many strange relics of 
ancient eivilired development. Within their embrace, im 
mediately south oF Nepal, ar« hidden thu buried remains 
of some of the most famous- among mediaeval Buddhist 
dtitt. 

Tire physical aspects of the Himalayas are only partially Phyikal 
known to u*. The Districts of Kumaun and Gllfawfll* adjoioing W? ^ 
Kashmir in the North-w^torn Himalayas, and the State of Lt^bs. 
-Sikkim in the south-east, arc the host-known regions ftf this 
stupendous mwxntain system. Tt cannot be said that wij 
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arc acquainted with more than the main features of hfcp&l, m 
or that we know much of the physiography of the eastern 
hills which cradle- the affluents of the Brahmaputra, With 
a climate and vegetation ranging between arctic and tropical, 
the conditions of life Whin the valleys overshadowed by the 
gigantic peaks of the Himalaya; are infinitely varied, G*en 
ihc accidents of position in relation to the surf's rays are 
recognised by the natives of the hi 11s b-s requiring, special terms 
10 denote them, SO obvious is their influence in. moulding 
human fomi and character. Within the limits of a single 
valley {where there may* however, be space enough to accom- 
modate the whole European Alpine system) there will often 
he found vanc-hes of human type which might almost indicate 
divergency of origin. 

The main passes aernas the Himalayas may be divided into 
throe groups. Firstly, the Shlplts group, which marks the 
line of eotmedon with Tibet afforded by the passage of the 
Sutlej river from the highlands beyond the northern fUnk of 
the Himalayas to the plains of Irvdi^ This group includes 
a route which has for many years been regarded ftS the com 
mcrcLai high road between India and Tibet frobabJy it 
originally determined the position of Simla, and with the 
uxpansiun of Simla developed into more than s mere 
mountain trade. Il ls for a considerable part of its length 
i well-engineered road, but as a trade route it has never 
proved a success. Secondly, there is the Almorit group, which 
determined the position of Naim T5l and Alntorl, and lies 
to the north of them- Across these tracks a certain amount of 
traffic is always maintained, chiefly by the agency of sheep as 
imnaport animals. A little to the eftSt of the ASmorA group 
is the Opening through the hills effected by the chief 
affluent cf the Gogns river, which rises not far from the birth- 
place of the Indus, the Urabmapuira, and the Sutlej — that 
nmirkiblt hydrographical focus contiguous to the Mihasa- 
rowar Lakes, The thud group cresses the northern barriers 
of the State of Sikkim from Darjeeling to Southern Tibet and 
IJiisa, Thus alL the main [asses of the Himalayas strike 
Loto the elevated tahlc-lands of Tibet, even including; those 
Whkh belong mure correctly to the trans-Himalayan area 
centring on Leh, the Ladakh capital in tlie far north-west, 
aa well as (he Rhutln jlArsves. of the far east. None of them 
is passable cioepl for trade purposes j none of them st 
present contributes anything material to the commercial 
prosperity of India. 
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The chief lull HUUicius of the Himalayas ml- naturally EMI 
"connected with the thief road* intersecting the rooun KBilQni ' 
(sins. Mnrree is the post-town ia. r Kashmir. Simla points 
the way to- the Shtpib group of passes, Nairn Till and 
Darjeeling io other groups. ftlussooric and other minor 
sanitaria depend largely Ort llvsir accessibility from the 
plains W on the eijgmcies of military administration,. fw 
their ciistetice, The geographical position of Simla is intcr- 
esiiiig. The town (or rather the church ar&titid which (he 
town gadier^) is on the parting of the waters between the 
Rurlej and the Jumna. U thus marts the groat divide of 
the Indo-Gartgetic plain, dominating one of the mum rftnUrk 
able features of Indian physiography. 

Th* borderland of India is rounded off un tile cast by Burma, Hit iiortli- 
The Himalayas may be »id geographically to terminate ul the 
north-west at the great bend of (he Indus, Similarly they ateimil. 
enclosed On the south-east by the great bend of the brahma 
putra. Between the iihUC-u* curves cf these two mighty rivers 
the mountains are enfolded \ beyond them are mountains 
again, but of different physical con formation, if not altogether 
of different physical aspect 

Among the many physical features of the Indian frontier 
that may be destined in play an important part in Indian 
history, is the great highway of the Brahmaputra valley front the 
plateau of Tibet to the plains of Assam. This magnificent 
natural outlet of the glacier and snow-fed drainage of the north 
is still a matter of speculative interest 10 geographers, although 
enough of it is known to justify the expectation that it rfray yet 
be recognised as erne of the world's highways, Near the fron- 
tier .station of Sadiyl in Upper Assam three important streams 
Unite to form the Brahmaputra of the plains. From the north 
flows the DihSng, now known to be the eontlnuation of the 
Tsan-pfr of Tibet, From the north-cast the Dibftng makes its 
placid way, and from the east the Luhit, The two latter are 
of more than Local significance ; for the valley of the lJibfiilg 
points the way (0 the richest of Tibetan provinces, and the 
Luhit leads by a com paraLivcly short, but most difficult, route 
directly to the borderland of China. But it is the Dibit ng Or 
Brahmaputra valley, with its possibilities for agricultural de- 
velopment in the cultivation of tea, coffee, and fruit, i($ gra- 
dually Ascending grades 10 the great uplands, its wealth of 
villages about the lower reaches, and the magnificent scries 
of tails which form an abrupt Step to its uppsr Levels, that 
calls chiefly for the practical interest of the explorer and the 
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engineer- 1 1 is here, however, that we encounter Lhe most detcr-^ 
mined opposition from a small group of utterly barbarous sub’ 
Himalayan tribes (the Abora, Miabmis, See.), who block the way 
between India and Tibet, and with whom political relations 
have hitherto been found impossible unless supported by 
armed fence. 

Northern Burma is a comparatively new creation, belonging 
to recent geological periods, but parted from the recent up- 
heavals of the north- west and of Tibet by the groat mass of the 
South-cosleni Himalayas, and from I he Gangetfc plain by the 
hills of Assam. The Assamese hills and plateaux (peopled by 
Garos, Rhasis, NflgiS, and other Indo-Chinese tribes} are pro- 
bably a part of the ancient mainland of Jurassic limes, which 
extended from the liastem Hiltiiloysa to Africa. The Gangetic 
depression rs of later date, but palaeontological evidence does 
Ut>t indicate that any wide strait ever existed between the Pen- 
insula and the Himalayas in the ancient distribution, of Land 
and sea. The eharaeter of the Assam hilEs denotes a result 
of tectonic force different from that which has folded the hills of 
Northern Burma in parallel and n^rgw flexures There are 
comparatively wide undulating uplands with cliffhound edges 
and spurs radiating therefT&m in irregular formation, and ex- 
hibiting an n-traeuce of that mendional strike in Ihc axis of nlflin 
ridges which is the distinguishing feature of iht Burmese bills 
flanking Lhe Chindwin affluent of the Irrawaddy, or rounding 
the bend of the Brahmaputra. These newer mountain forma- 
tions, springing from the extern extension of the great Tibetan 
plateau, almost appeal to have been constrained to adjust them 
selves to a pre-existing mas^of the tastern Himalaya^ folding 
and curing like the waves oF an approaching sfia, wave after 
wave in long sinuous lines breaking against the containing wall 
of the Eiahmaputnt apd reaching down the western coast of 
liurma, till they terminate southwards sn the Arakin Yoma, 
which parts the basin oF Ibc Irrawaddy from the narrow littoral 
regions cast of the liny of Bengal. So stiJT, SO Steep, and 50 
densely forest-covered are these solid waves, that the path 
across them connecting Upper Assam with Burma is one or 
abnorm.nl difficulty, and so far has proved an insurmountable 
stumlthrt.g- block 10 railway engineering. But beyond them, 
to the east, the Chindwiti and the Upper Irrawaddy form 
delightful valleys, full of cultivation and the gladness of 
Life, possessing A good climate and much landscape beauty t 
ever presenting new opening* and fresh inducements for CCQ- 
dOfnic enterprise- All Northern Burma is mountainous, and 
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,lhe Irnvwpddj 1 occasionally rrarrowi to a much- restricted chan- 
nel between the bills. It as, however, usually a hroad and 
noble stream, iilandstudded and placid, reflecting the deep 
masses of hroad-leafed vcpelntLon, and ihc gracious sjjlrcs and 
lowers of Burmese pagodas. An interesting f-eflluie of the geo- 
gmphy of Upper lAuuna is the source of the Irrawaddy. In 
Eastern Tibet there occurs one of tlsosc hydrographic Origins 
or CO nines, from which the infant affluenls of great rivers take 
their parting ways, such as we have referred to in Western 
Tibet near the Mnnasar&wai I.akes, Here the Hoang llo (the 
Yellow river) and the Ui Chu, or Yangtsi Kiang of Lhina, start 
On their eastward courses. Here (cu near here) also (he Nam 
Chu, or Mekong (ihe river of Siam), takes its rise. Here, too^ is 
the sourer of the Giama Nli Chu, which ls undoubtedly one of 
the main rivers which traverse Uirrma from north to south. Is 
this the same as the Salween ? or ie it but the commencement 
of the N mm Klia, (he eastern affluent of the Irrawaddy, joining 
it above the railway terminus at Myitkyind, 550 miles north of 
Bhamo ? Indian surveyors now connect it wftEii the Salween, 
hut its Course cannot be said to be absolutely determined. 
The province of Upper Eltrrma includes sis administrathc 
division.*, two of which are the Northern and Southern Shan 
States. The Shan country rises la the cast of the Irrawaddy 
valley, and is described by every traveller who has visited it as 
a land of groat promise. Orchid-bedecked forests and undulat- 
ing wheat-covered plateaux, possessing: a varied and productive 
soil, mu its thief characteristic*; but the intersecting drainage 
lines arc deep end steeply enclosed, making it a diiticuEt country 
l* t-raverse, and rendering the cost of railway construction almost 
prohibitive. Lower Burma, wills a more humid atmosphere 
and lower levels, does not enjoy she climatic advantages ot the 
northern province. The teeming soil of the great deltas of Lite 
Irrawaddy and the Salween, with a vast coinmefciaL network 
centring on Rangoon and Moulmein, ensure its wealth on 
easy terms of agricultural Labour : but the brood Bat lowlands 
and the steamy enervating atmosphere will ever render it 
inimical to European existence. 

Such then h En very brief TCview, are the general physical 
characteristics of the bordcrLands of India — borderlands 
which on never again be left out of arscottnl in dealing 
with Indian physiography. The material wealth of India 
latgely depends on their capacity for the storage of ihai 
water supply which carries fertility to its broad plains ; 
the- strength of India depondi on the nature of l he bul- 
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warks '‘ tilth they afford fo* frontier defence ; the future of, 
India depends cm the manner in which nt fflftintAm these 
defences, guarding the gateways and portals of the hills, 
and preventing those landward imiptiur.s which have $q often 
changed her dynasties and given a new ethnographic strain 
to her people. 

'I he Peninsula of India is parted ftnm the northern area 
nf upheaval, nf which the Himalayas are the southern revetment, 
liy ft broad interval of low flat country known as the Indo- 
Ganyetic depression. In some respect* this is the most 
ini|wrtant physical fr-atum of India, Wthin the basin of the 
Lianges have ever been founded the chief kingdoms of the 
plains -, the most nncienl cities; the aariieitt eeuttoS of civil- 
i nation, of industry, and of wealth. The mighty river has 
silently worked through the age* m an unceasing process of 
regeneration of the soil, spreading life and itrettgfh al^oad 
among the millions who venerate its sanctifying agency and 
purify themselves from, sin in the turbid flood which laps the 
temple steps of Ilardwftr and Benares, From the delta of 
the Conges to the delta of the Indus this strange wide region 
Of depression estends. Within i t is not to be found a houlder 
(not even a pebble) lo break the uniform regularity of its 
alluvial surface. It is those heat-stricken plains, rather than 
the wountaini of the north or the plateau* of the south, 
which have given India its colouring in history, and from which 
wa* derived the popular conception of the India of last 
eentuTy, Since the geological era in which occurred the 
parting of the waters, when the Indus affluents first started 
westward* And those of the Ganges turned their currents 
to the cast* the physical character of the two basins has 
rapidly diverged. 

All of the Gangetic basin is within, the influence of 
the south-west monsoon rains ; and the thick humid 
atmosphere of steamy effervescence, which is the charno 
( eristic of Lower Bengal and of those provinces to the 
9&ulh which arc watered by the Mahlnad], makes all the 
Lind green with the ItULUrluiCt Of vegetal ion, From the 
cxin>m« north- western extension of the East Indian rail- 
way system to the delta of the Ganges and Calcutta, the 
traveller passes through nothing but a wide area of crop- 
producing land, broken by clustering gTovcs of mango, 
tamarind, and other trees, giving place gradually to long 
lines at>d avenues or palms bordering the fresher verdure 
of irrigated rice- fields in the tower peaches of the valley. 
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The prevailing evidence of Agricultural wciAlt 3 a becomes 
almost oppressive in iis monotony. Where the majestic 
flood of die Brahmaputra leaves the mountain- hordcred 
valley of Assam, losing Sight of the forest-clad slopes of l he 
Himalayas and the far-off snows Amid which it had its 
crtdle, 10 poitr its mighty volume of sill-bc-aring waters 
into confluence with the Ganges, there India widens out 
into an endless panorama of irrigated fertility : A wide 
network of canals; an endless procession of picturesque 
villages containing a swarming ptipulatimi* Very gradually 
this merges southwards into the; deadly swamps and Acts of 
the 3 undaibans The -rainfall is certain, and it is abundant. 

It is »t the head of the liay of Bengal, where the vapo'ur- 
beaiing currents of the mon-voon first strike the edge of the 
Assent hills south of the Brahmaputra, that the greatest rainfall 
in the world is retarded. It occasionally amounts to over 
sixty feet in the year. 

The Ganges, assisted hy its great tributaries — the- Jumna, The 
tbcGogra, and the Gundak- - drains Lhe southern slopes of the 
Himalayas from Simla easl ward, carrying fert ility and wealth j 
to the plains of Bengal. Tracing magnificent curves through 
the flat lowlands, the four rivers have for centuries combined 
to form an overruling factor in she development of the Indian 
races, No river (Hi the surface of the globe can compare with 
the Ganges rn sanctity, From hot source to her ouiflow in the 
[fay of Bengal every yard of the river is sacred. To bathe in 
the Ganges, at stated festivals is to wash away sin - t to die and 
|>e cremated on the river bank is (0 SMtAih eternal peace ;. even 
to ejaculate the name * Gangl 1 when afar from her hanks is 
sufficient to atone for the misdeeds of several previous stages 
Of human existence. 

The total length of the Ganges Er about 1,550 miles. Rising 
In the Central Himalayas, the glacial ice<ive of its birth i$ 
known as the Gnitnubh or Cow’s Mouth. Hltc the Ganges 
is but an infant stream (locally knUwn AS the Bhjgirathi}, 

27 feet bro^d and 15 inches deep, at an elevation of 1 
f«t Above sca-lcvcl, For the first ffid miles of its course 
above HardwSr the Bh 3 g?rathi is a snow-fed mountain torrent, 
rapidly developing into a river of bruad shoals, long deep- 
pools, and occasional rapids. The great .system of irrigation 
which, commences at Hardwlr occasionally carries away the 
whole of this volume of mountain waters. At the end of ihe 
next thousand miles of its course the Ganges E$ A broad shining 
river, flowing in easy channels through a fiat landscape, broken 
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only once by the dialed crests and sloptH of the tUjmahj] 
hiEls. At [his point its flood discharge amounts to a million 
And a half of tabic feet [*.t second.. After passing ALlahlbsd 
(at its confluence with the Jumna) the fall of the Ganges drops 
to vi* iturhes per mile, and through the last *00 miles of its 
divided course— through Lbe plains and Swamps of the delta— 
it is even lees. Jamnolrl, the source of the Jumna, is not far 
removed from the jx^hs which rive birth lo the BhagTrathi 
The Jumna issuer from the foot of the most notable of ail the 
array of magnificent snow-clad peaks which group themselves 
At this point of the inOvy range, at an elevation of 1 0,850 feet 
above sea- level. The river runs an independent course through 
mountains and plains of 8f>g miles ere joining the Ganges at 
AltohaliSd, where, cm a narrow tongue ofhnrf parting, [be two 
tivers immediately above their confluence, is the true Ibayag, 
the most sacred bourne of Hindu pilgrimage. The depr blue 
waters or the Jumna can he distinguished from the yellow silt- 
charged Gangetic stream Ear bdow their confluence. The 
Jumna, Like the Ganges, spreads fertility Abroad through the 
agency of her Canals both eastward And westward, reducing her 
o»n volume to comparative insignificance durihg the hot 
weather. A useful contribution to the Jumna is derived from 
the south, by the channels of the river Chain hal, which drains 
[he gradually rising slopes of the Central Indian plains. The 

Nepal affluents of the Gardes — the Gogm and the Ga.ndAk 

Also form most important addition* to the Gaflgetic system. 
The Gogra, like the Sutlej, breaks through the rampart wall 
of the Himalayas. 

The plains of the United E’ro vinces and of Hlhii rise 
in gentle undulations away from the river banks, doited with 
mud villages and adorned wi|b noble trees. The villages 
cluster thickly, and the brown masses oF mud buildings, flat 
roofed, cool, and scrupulously cEeap, are chequered by the 
purple Shadows of tire trees under which the village folk gather 
in the cool of the evening to gossip and discuss the food 
prices of the nearest bazar. Their talk, as they sit on the 
rAafctiru round the vermilion-daubed figure of the bene- 
volent god Gurtf&ha, Is ever of * pice ' , and their prayer is ever 
for rain. Stretching from village to village, Ifld linking to^cther 
■tbg country communities, runs the great white AssAar-msAc 
road of the Jo-arlcij j 1 , with long avenues of trees giving welcome 
shade to the creaking bullock Carls and to [he white dust- 
powdered figure* hi the passing wayfarers. Beyond the rood 
and the villages, reaching 10 Lite level horizon, are the fieEdi of 
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[he peasants, ripe <fl ithi harvests of millet, sugar, w heat , or Indian 
cam tn the autumn, or stretching arniy empty in brown folds 
under (he yellow heat hare oj early summer, This is what 
way t»c Keen over thousands upon thousands of square mites 
through ,1 great spare of Northern India. 

When the Ganges reaches, Els delta in Lower Bengal 
^ jjo Wiles from ils journey's end} the faEL of the riv^r E$ 
so slight that the current, seldom sufltckrK to enable it 
to c^rry iii burden, tkjiOsil* i(S Srlh Cheeked, by th« rising 
level of the silt-formed plains the river splits into many 
channels, which again throw out their own distributions right 
and left- The country so traversed and EtiLetscclcd with 
waterways is the true delta, which Commences where the 
hfeid’waleirs of the lloogbly break, off from the main stream. 
Between the HooghLy and (hi main river these inosculating 
Kiteams struggle slowly seawards to end En a wiLdcmess of 
forest and swamp, throwing up nsw levels, pushing out fresh 
headlands, and constantly changing the topography of the Sand 
surface, Cvtn AJ the lower Ganges itself changes its channel 
And ad0[H* new water-ways within the limits of i(i Own riverain. 
The de-Has of three great river systems unite in Lower 
Bengal : those- of the Brahmaputra, the Meghnii, And the 
Gangs, Where the Brahmaputra rounds (he Onto hi Lis, there 
commences the delta cif lhal river; where the II eghnl combines 
the southern raitifsll of the KhlsE hi 11 a -with (he western drainage 
cf the Watershed. between Bengal and Burma, there commences 
fin Sylhet) a third Beta, The delta of die combined rivets, 
covering 50,000- square miles, appear! to have experienced suc- 
cessive eras of vegetation and then of submergence. Four 
hundred feel of della deposit now cover lIils inland built u]i 
by the three rtvers of Esngat, and yet its surface is often hut 
a few inches above the sea. Here the ordinary landscape is 
1 Bat stretch of riec-ftcld^ fringed around with an evergreen, 
border of bamboo, Coco-nut, areca, and other tinunesed 
palms. This* densely peopled tract seems at inst sight bare 
of villages, for each hamlet is hidden amid its own 
grove of plantains and wealth-giving trees. The Iwmboo 
and the coconut play a conspicuous part in the industrial 
life uf the people. Rice is the staple crop and the universal 
diet. Ncdy 300 separate kinds of rice are snid to he 
distinguished within the single District of Rangpur. The 
vegetable products of Lower Bengal, including drugs, resins, 
gums, fibres, wfeweno, sugar, dte,, would require a separate 
and A lengthy catalogue. Even the jungLc is full uf vegetable- 
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■vri!3.:t.h. ' Flowering creepers of gigantic sF^e And gorgeous 

•coEovrs fesioon the trees, while each tank Ihsib its own 
beautiful crop of lotus and water-lily. Nearly every vegetable 
product wheeb feeds and cloths* a people. Or enables it to 
trP.de with foreign countries, abounds.' 

Great changes have taken place throughout the valley of the 
Ganges, even within Lite historic period. The river has pursued 
Its uninterrupted course of Land-building, shifting its channels 
from time to time ; withdrtiwing its waters from the wills of 
great cities which once adorned its banks, to give Life And 
energy in new directions. Upon its hanks in the present day 
arg such centres of wealth and commerce M Calcutta, 
Benares, Allahabad, and Ctawnpore, with Agr* and Uelhi On it* 
affluent the Jumna. There is not a river in the world winch 
has influenced humanity or contributed to the growth of mate- 
rial civilization, or of social ethics, to such an extent as the 
Ganges. The wealth of India has been concentrated on ats 
valley, and betrenfh the shad* of trees whose nwts hire been 
nourished by its waters the profoundest doctrines of moral 
philosophy hare been conceived, to ho promulgated a Ear for 
the gukbmcd of the world. 

Separated though it is from the plains of Lower Bengal 
by a broad band of hi3l country, the basin of the Mahlnadi 
f which includes the eastern half of the CenlTwl Brovintes and 
a pact of Madras) differs from them very little in most of its 
essential physical characteristics. A warm Steamy atmosphere 
favours: the same palm and rice cultivation, and alt the 
conditions of a productive but enervated human existence 
are present. The Mahinadl delta forms th* chief feature of 
the fertile flats of Orissa ■ and the widespread stretch#* of 
rice-fielda, patiently parcelled into irrigated plots, and parted 
by narrow lines of earth divisions; along which are set thg 
stately rows of palmyra palms, are but a repetition of the 
features which combine to render monotonous bo much of 
the scenery of Lower Bengal, hhjt far from the mouth of the 
Mahilnadr, on thg shore* of the Ray of Bengal, is on* of 
the most sacred shrines of Hindu India, Her* is erected the 
temple of J-igaunath, that unconscious representative of a coali- 
tion of Brahman and Buddhist doctrine who is to the devout 
Hindu the rety type of the Yaishnav faith, Oil the yeLtow 
shores, where beats the eternal unresting surf,. mlUifms of 
pilgrim* collect onCC 0 year h? render homage to the god 
whom they ignorantly worship with a rrtnl that once waa 
purely Buddhist. 
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The valley of Assam — extending i»Tlll"WSi™-ds from l^owcr A«im. 
Bengal, parting the Himalayas of Bhutin from A mass of com. 
paralivrly low formatter which now forms the outliers of the 
Upper Burma mountain system* under the natftes of the 
<3-3m, Khasi, Jainiia* and Nig* hills, after the aborigines 
who inhabit them in point of physical resemblance closely 
0>rtHK!«i with Bengal. Eut the unending vista of flat 
cultivation is here narrowed to the width that exists between 
the hr cad channel of the fiver and the foothills on either 
side. River Slid mountain arc never parted ; they combine 
to produce an unending panorama of scenic beauty which 
Is far more akin to Burma on ihe ease than it is to Bengal 
on the west. Terraced gardens for ihc growth of tea climb 
the hill-sides or fill in the undulations of the river banks; 

And the atmosphere is drier* dearer* less enervating and 
more wholesome, by reason of the extensive clearings which 
agriculture develops. Nevertheless, there are enormous wastes, 
especially 10 the north oF the Brahmaputra underlying the 
Himalayas, where forest alternates with stretches of grass or 
reeds, thick and dense, the hnme of the rhinoceros, buiralo, 
and tiger. Here and there roads run northward from 
the river-side stations, where the steamers call, to the hilt 
country beyond, such as that which patsCI through L3m State 
of Gooch Beh?r to Tiuxa, r>i from the river to Uewangiiri ; 
hut for Ibc most [ht* iho DuiitS, or plains at the loot of the 
RhutSn Himalayas, arc vast i impenetrable jungles such as ate- 
hardly to be found elsewhere in India 

The Brahmaputra {under its Tibetan namo of Tsan-pn) Tht 
spends About haLf of its total length in a hollow trough on 
the north of the Himalayas, between its birthplace near the 
eastern bast: of Kailas to its bend southwards Cowards Assam. 

It enters British territory under ihe name of the Piling near 
Jjddiyii- After absorbing the waters of its two confluents, 
the Diking Artd the Uohit, the united stream takes the 
name oF Brahmaputra (sun of BmhmH, the Creator), and thence- 
forward tolls fbr 45a miles down the vnlley of Assam in a a = t 
sheet of water, broken by numerous islands* and exhibiting the 
operations of Land-making and encroachment on a gigantic 
scale. ‘The mass of silt brought down from the Himalayas is 
sufficient to form mud-banks, and even islands, wherever it is 
arrested by any impcdimcni in. the current of the river, which 
thus constantly shifts its channel amidst ah intricate network 
of water-ways, Eioad divergent streams split off from the 
parent rtwor, and rejoin it afu.T A long separate existence of 
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uncontrollable meandering.' The Long-continued deposit OF 
mud or *iU Ims gradtmlly lifted tine level of lh& Brahmaputra 
channel above that oF the surrounding fiats j consequently 
a low strip of marsh and nwariip immediately flanka- Lhe 
river hank on either sick-, which is submerged in times of 
flood- Beyond these swamps the ground, rises gently to the 
foothiLls on oil her side of the valley. ‘After leaving the Awam 
raSEey lh« Brahmaputra sweeps in 1 miginfioent curve round 
1 he western spurs of the GSro hills. Under Che name of JamunA 
it continues for 180 miles, nearly due south, EO join the Ganges 
at Gc/alundo, where the two great deltas unite. Between their 
junction and the sea the united mere receive fresh contribu- 
tions from the eastern watershed between Bengal and Burma, 
through ihc channels of th* Megbnft, hhkh ts itself a broad 
and imposing river. Unlike the Ganges and the Indus, 
iht? Br+ihnut[>utTi is not ntitLseri for irrigation . but its silt- 
charged overflow annually repknishi:* the adjoining land, which 
yields unfailing harvests of rice, oil seeds, jute, Sc., in the flat 
plains of Eastern ItengaL year after y«ir without deleti&ration. 
'Ilie main river is navigable for ftoo miles, from the sea to 
1 hbrUgarti . and nothing can he mere picturesque than the 
crowd of quaintly rigged country craft, favhionedl on lines 
that have survived from mediaeval ages, which crowd its 
broad flat surface V Tea, timber, robber, and cotton art; carried 
down the current, from Assam ; jute, tobacco^ oil seeds, rice, 
and other grains from Eastern Kendal. The total value of the 
river- home trado of the Brahmaputra is prcbabEy not less than 
four million* Sterling, 



Such oie, in general terms, the prevailing characteristics of 
Lhi£ eastern estervsion of the great I ndo-G angelic depression 
which divides the Himalaya-s from the yieninsular highlands. 
When we turn to the western arm, which forms the ba&in of 
the Indus and its affluents, we find physical characteristics 
that differ sn many essential particulars- from tho&e Wt hive 
described, 

1'iom the very commencement of the plains spreading south 
wards, the Furtjab presents an aspect of flat treeless landscape, 
a broad grey se-a L-xpajiding to a level horizon. Tliera was 
a time when forests grew on the Indus— foreals with timber 
sufficient to enable Alexander the Great (0 eyrralruct ihc firat 
Indus flotilla j urvd about ihe valley of Tcsh-awar there were 
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wide spacer of water-logged and swampy plain, amid Lhc thicfc 
reed growths of which the Thtnoccrra and elephant hold slick 
horns. Nor fra* dks so very long ago ; the Stull of a rhinoceros 
has been found quite lately cm the present ground surface- 
Thfc deadly musma of the swampy Peshawar vali^y was as 
destructive 300 yens ikC, as in the year of j^race iSjo, 

Happily within the last half-century science has shown the 
way (o improved sanitation, and the climatic reputation of the 
Prshiwaf valley has greatly improved Due the forests of the 
Punjab have long. ago disappeared, and it a probable that with 
their dLsappeaian.ee the ineteorcJogLca!! conditions of the Indus 
valley have greatly changed. 

Nowadays the recorded ram fall ls scanty (4 to $ inch'r* per 
annum ill Sind, about the lower Indusjv and ihc heat of 
the hot-weather months (ApriUJuty) is occasionally terrific. 
Monsoon-laden currents sweep up over Sind month after 
mopth, but no vapour ia condensed in the hot dry ait- No 
coast range about Karachi faces the sea to send those current* 
circling; aLoft into the cooler strata of higher altitudes, where 
rain is mad* and the heavy atmosphere is deprived of its 
moisture, No part of the Indus valley is subject to a regular 
and systematic rainfall in ihc monsoon season, although. the fall 
gradually increases from Sind upnnruis to .Lahore, Neither tan 
the frontier hills west of the Indus he said to lie under the 
influence of the south-west monsoon in spite of their altitude. 

Thus the cLtmatc of the Indus valley i"- hot and dry, and the 
vegetation which feeds cm the reeking atmosphere of Bengal is 
entirely wanting. Tamarisk and other scrub Fringes the river 
banks,, and occasionally stretches outwards into something ap- 
proaching forest dimensions. Irrigation tins greatly developed 
lately ■ and there arc green spots about the Indus river and 
lire newly-sprtad network of the Punjab omuls, which are once 
again slowly but surely altering the character of the landscape, 
if not of the climate. 

The Indus is ahout t|Eoo miles in total length, and is mnie tlie Ini nr 
of a mountain-bred river Lhan the Ganges, Fven after it has r|Ltr - 
left the Himalayas and wound its course across the eastern 
Peshawar plain to A tenet (where it is spanned by the railway 
bridge of the North- Western Railway system) it has not lust 
its characteristics of a fnrtjft- enclosed river. It swirls down 
through deep rifts ami defts below Alttefc, pairing the rugged 
spurs of the Punjab Salt Ranges ere it emerges into an open 
network of channeLr near the salt-built town of Kalaboigh, nl 
least s do miles from its Himalayan gates, and Long after it 
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has received its Frontier affluents, the Kibul Mltl K&bit 
rLveis, The Indus is never really out of sight of the frontier 
mountains, although the thick hare which *o frequently 
envelops the atmosphere- of the Derajat (the tranE-Indu-s 
plains of the north) draws a dusty ml access the land- 
scape; and its southward course from iCaLsblgh is invited 
more Frequently by desert sand-drifted spaces than by 
the green verdure of cultivation- The frontier stations 
below Kohlt form wet oases in a dry desert, and their 
humidify (bom of excessive irrigation and consequent 
waterlogging) frequently renders them unhealthy even in 
the Triidst of the desert air, The Indue builds up its 
bed, like the Brahmaputra, by the deposit of s-ilt ; and 
the gradually increasing elevation of its great s il L-formed 
aqueduct is always a serious menace to the surrounding 
country,, inasmuch is it leads to very emensive and very 
dangerous floods. The Tall of the river from tbe Himalayas 
to the i oast decreases from 5 D inches to 5 inches per mile, 
nod the lower reaches ate subject {and have ever been so} 
to constant chftnge of channel and a shifting of study bed- 
The two outer rivers of the Punjab (the Indus and the 
Sutlej); using neat each Other beyond the Him&Lay*ti wad], 
endow tbe Jhefutfl, tbe Cfwnab, the Rilvi (the river of 
Inhere}, and the Hels. Sm centuries 0 . C. there was yet a 
seventh river of Ihe Punjab— the SaraswatT, to the «Jt of 
the Sutlej, Of which tradition relates that, having ceased 10 
join the Indus, it made for itself an underground wnttetion 
with the Canges and Jumna near Allahibad- Over a vast 
space nf the now desert country east of the Indus 1 races oF 
ancient river beds testify to tbe gradual desiecaliurr or a once 
fertile region 5 and. throughout the deltaic flats of the Indus, 
may still be seen old channels which once conducted its 
waters to the ftann of Cntch, giving lift and prosperity to 
the past cities of the delta which have left no living records 
,,r the countless generations, that once inhabited them, 
'die history of the slow growth of the delta! «F the Ganges 
and the Indus forms one of the most interesting chapters in 
geological investigation- It is at least clear tha t the 1 ndus was 
nut always shut off From the Peninsula of India by such wide 
spaces of desert as now form a fonflidabie obstacle to pro- 
gression from its banks eastward- Past generations of 
prehistoric immigrants, who crossed the frontier mountain 
barrim in sm Missive wanes to search for the golden plains, 
did not meet such obstruction to their alow movements 
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toward* the east £hd Mulh us would be encountered Fn. these 
later days- 

Of the living rivers pf the Punjab, the Sutlej contributes Tb* 
most 10 the Indus, The Sutlej rises on ihe wultnern slopes 
of (be Kailas mountain, the Elysium, or Siva’a paradise of 
Sanskrit literature, II once issued from the sacred lake 
of Minasaiowai, still the resort of nomadic Tibetan shep- 
herds, who find among ihe surrounding stony flats |ia*turage 
for numerous docks. Emerging from the Kailas foothills 
at a height of rj.se^i feet above sea-lcvcl, the Sutlej first 
Invents A plain with n south- westerly course, cutting 
through a vast accumulation of alluviat deposits with 1 golly 
4,1:09 feet deep. It then breaks through the Himalayas, 
between mountain rtdges rising to jo,ooo feet, and winds 
among the bills in a succession of rapid* till it drupe 
to 3,000 foot at Rsmpur,, about 6 a miles from Simla. 
Throughout its upper count the liver is confined to the 
depths of i mountain trough, sleep. iidnd and Hanked 
by bare rocky precipices; hurling its turbid waters- over 
its broken boulder bed with such terrific force as occa- 
sionally to grind into matchwood the huge balks of timber 
which it carries to the plains. Into these gloomy depths ni> 
human being enn penetrate. By the time it reaches BiEfepur 
it has dropped to 1,000 feet above sea level. After entering 
British territory the Sutlej receives the waters of the Western 
Punjab, and joins the Indus near Mirhankct, after a course 
uf miles. 

The jheium. Is the river of Kashmir. Rising on the western J fbe 
slopes of the mountains which enclose the valley of Kashmir 
on the cast, the jhelum follows the ciamplc of the Indus on 
the west, And of the CherUtb un the cast, and winds with 
irregular and fantastic loops to tliC north-west before taking 
that final bend souih which points the way to the Punjab 
plains. This course is determined in the case of all three 
rivets by the strike in the aris of the mam HinaFtf-ayan ranges, 
which L 5 fiom BOfth-Wtet Eo SOU" IViSDSL. I| his alf'ESdy lj££f| 

notictd that ihu change of dirMion m the eours-e of the 
Jhelum (when that river breaks through the inounuin barriers 
Bfiar BaiamOla and rushes in a series of rapids and cataracts 
southward to the plains) has resulted in a sibing-up of the 
ailuvUI pEain above the constricted passage through the lulls, 
and is (he origin of the Happy Valley of Kashmir. Similarly 
with the Indus and the Chenab. 'ITic upper reaches uf these 
rivers, where they drain comparatively narrow vaEEtya between 
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iLLi|jrndriUK mountains, present none of Ihe wild magnificence 
of the wechtnji cataracts of the lower reaches. The rivers 
flow placidly along, twisting and bending m folds, or sliding 
gently over gravel bottoms, till Lhey pass the actual mountain 
gateways In the Kashmir valley the figures formed by the 
looping oF the Jhelwii have led to the tradi" lonal pattern that 
is typed ttl ihe shawls and carpets of the Kashmir weavers, 
(Such at Least is Lhe belief of the Kashmiri, although the cone 
is to be found in more ancient art.) Its poplAr-shadowed 
breadths, moving gently and silently towardi the WuLqj Take, 
tapping the piles of ihe wooden bridges and the temple 
Steps of SnnogaT, btealhe the spire! of I hat poetic enchantment 
which ever hrooda over the country of Lalla Rookh. Below 
RfUrannila, lo the point where it is joined by the KishengangS^- 
even beyond it— the scene is very different. A tijirgid flood 
sweeps downward Over a rugged bed of hfruldcrS, shooting 
athwart ihcm rts green wavelets wilh smooth undulations and 
white frothy lips, or swirling into wild eddies and backwaters 
omlcr the broken honks which enclose: it. 

Much the same characteristics ]>ervadc. the Cheniab, so long 
as the C^henab jj a river of the mountains, foEloning a course 
tramveise lo the general bend or strike of the mountain ridges. 
Bath rivers, on emerging into the plains, assume a placid 
course, chequered Only by sand and alluvial islets of their 
own construction, and ever shifting ilieir channels from year 
to year. 

Between the Chenib and the Sutlej is (he Rivi, ihe source 
of which Is sub-Himilljyau, derived from the soutbein slopes 
Of a ringO which overlooks the upper valley of die Ch&nftfr, 
The Klvi's claim to distinction is that h:fi its banks stands 
the ancient city nf E-^hiiTr, must famous of all the cities of 
the | J unJah, and the objective of many a military expedition 
from Kabul, 

The 13els river, whitli usually ranks as an affluent of the 
Sutlej, folium ihe rule of the rivers of (he Punjab in taking 
a north-westerly course through the sub-HimSlayan valleys 
from its source (nol far removed front tihw* of Ihe Chcn.tb 
anti the R2vi on the western slopes of the Sutlej divide, oveh 
looking kotgarh, beyond Simla) to the bend through \hv 
OUlCmiOst Himalayan fool hills, which carries it south' west to 
its confluence with the Sutlej. There is remarkable uniformity 
in this characteristic of ihe Punjab rivers, which can be 
traced farther east in the mountain affluents of ibt Jumna 
and the Ciahgos, recalling that geoLngicaL era when the 
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Indus caTnud with it the entire dpiituge of (lie CentTal 
system. 

These living rivers of the Punjab, when once they teach Tbc 
the plains, pass through flat regions of interminable waste, 
where tains r mk scrub struggles for a fnolhnld in (ire sandy 
sort, redeemed only by the verdure of (he fringe of riverain,, 
and the green pitches due to recent irrigation.. For the mow 
part it is a region of ugly monotony. The level gTey plains 
sink to no horizon., lire yeJEmw bane which permeates the 
atmosphere obscures distance, and contributes a prevailing 
torie of dreary drab to the landscape. Tire njads which 
traverse it are straight and narrow, paved wish straw to keep 
down, dust and sar.d, and the heat of the sun-glare (modified 
by haj#) alternates with the bitter odd of this nights in 
winter,. Through the midst of this flat land, the rivers toll 
down, their mud-coloured hood in the snow me king time 
of the Himilayasj or they wind. In snaky twists about the 
floor of their wide beds, between banks which are ever 
changing, contributing new shoals and islands here and there., 
and shifting their channels yn farther and farther afield in 
uncontrollable vagary- Science has yet to devise a method 
of restraining the rivers of the Punjab. 



The course of the from NIT to SW. a le in striking Ttic 

parallelism to that of the oldest mountain range of India, ^ Jld j 1 “ 1 
the ArfivaJhs, which divides KSjpUtSna. into two unequal 
parts. On the IHnh-Wcft lies (he Thar, the great desert of 
IttdiiK which from time immemorial has proved to be a- more 
effective barrier to the advance of -armies than (lie Indus itself. 
Overlying this ancient bed of a great primaeval sea arc ranged 
•Mind-dunes from 50 to loa fifti high, in ^ystemated curves, 
moving in slow procession in obedience to the westerly winds. 

Tor 300 miles this desert extends between (he Ahlvidlis and 
the Indus, arid, hot, and desolate, yet said lo be bracing and 
wholesome beyond any other part of India, Thera is little 
vcgetaiioiij and whai there in chiefly concentrates in the neigh- 
bourhood of the cities of the desert, jaisalmer and HjVaner, 

Only a single river bed of any importance is to he found 
in Western Rljpntflna, (hat of the LGnij which carries the 
dr*in*gfc of the northern slopes of the ArlvalLis iuto- the 
nearest corner of the Pann cf Csitch, On the northern edge 
W the desert, the arid character of the plains merges Into 
the prevailing feature of scrub-covered weustes which is 
dsaracteristLC of so much of the Punjab, Oh the soulb- 
VOL, l 0 
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west it is continued by the Thar and P&iltar sands of Sindr 
This vast open space of desiccated plain on the north- 
west of the Indian 1‘tntnsula terminates in the Iwoatl 
depression of the Rann of fTuloh, flanked to the south 
hy the hills of Gujarlt, which form the natural extension of 
the AilvaLLis. Thus a wide region of depression is open 
to the vapour-hearing winds of the toath-wetf monsoon, 
which ■s-n il through it and over it, unhindered by moa«- 
tflipts, until they reach the Punjabi The ArtvaElis may 
ho said to divide the monsoon-washed area of the Pen- 
insula southward from the dry regions of the Bduch 
frontier, -So -constant and Unceasing -ja the steady sun- 
glare of the desert that a tradition {^uppDtied by a certain- 
amount of evidence) relates that In days tong ftnterior to 
the date of our introduction, of the heliograph, haiar priett 
of wheat and grain In the Punjab Were signalled by mean: 
trf reflecting mirrors across. Riliputana to Sind and Bomba} 
ail the year round. 

That part of RiijpmJjia which, lies south of the Ailvallii 
differ* essentially from the RijpulSna of the ntwth. Herr 
we drop one* again into the b*$Ln of the Gamges, for thf 
Chambal river, with its Panis affluent,, drains northwanil 
to the Jumna. It is in this part of RAipUXflnJ that tht 
great Rajput cities of the post are Linked together— 
Jaipur, Ajmer, Udaipur, and Jodhpur ; and ir is here (bn 
the ancient Rajput dynasties rase to a position of pre 
eminence; among the dynasties of the continent, The sand 
drifted land-scapes or the northern leigioos of Rajpsita™ 
arc not wholly wanting to- the south of the- Aii vail i& Arount 
Jaipur (itself set amid bright cultivation, and a c<ntn 
of Indian art culture) broad sandy wattes reach to the foe 
of the rugged barren hills; they encompass the Tamou 
salt lake of S&mbhar, white-edged with salt efflorescent 
and rose-tinted with pink crystals*, where Long sweeping 
lines of pink and white flamingoes, make mowing pattern 
on the sky as they cirele in ordered companies. Th. 
atmosphere of Southern RsjpnUlna is still the sweet pur- 
air of a diy desert ; and the climate, with sOffle*hal shar] 
extremes of temperature, is that which might well tree* 
a race of men such as the heroes of their epics, and th. 
Rajputs of Indian history. Wind-blown sand always lie 
conspicuous on the northern slopes, of the Long stnugh 
lines, of rocky ridge which, south of Lhe Arirtlhs for man 
a league. bidieJlte the ancient existence itf a yet wide 
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mOuHtllrt ftys.1t.irt. Yet Either south and east, the desert 
aspects of KAjpatflm are gradually lost, merged En the 
comparatively fertile forest-clad highlands of pcr.inh.ular India. 

].!u; it is the Arivaltis that marie the line of division, TCeyOud 
them to the north-west he the Indus and the tertiary Hats 
which the Indus divides. Smith of them are ancient red- 
sandstone strata of the corn incru, and a region of brood open 
valLcyh? and gentle slopes, with rivers flowing in permanent 
channels, magnificent forests, a comparatively even Tncnfall, 
and temperate climate. 

from the valley of ihc tlangcs towards the south, India Thu 
slope? gently upwards, to A central transverse Water-parting, 
which crosses the continent, from wcsi to oast about the |Mitiqg. 
paialld of i^ D N. tat,, curving slightly where It follows the 
crest of the Vsmdhya bills, overboking the deep narrow trough 
of the Marbid*. river on the wcsl, and nr£.ikiiig into irregularity 
where it parts Lhe Gauges affluents from those of the MahanadL 
on the east. The Vi ndhyns are the rebard or escarpment 
of the long gently shelving slopes of fTontral Indian Letritoty. 

There is no steep fall, no well-nna rted spUR ot vtcep-sided 
nlleys, to the north of them. Southward, however, they slope 
abruptly from the crest to She Narhadfi bed, shaping like n 
•mountain wall buttressed by short forest-dad s[mrs, and jire- 
tfrntinjf all the characteristics of .1 mountain range as seem 
from, the rive*. 

The general lie of the Vindhyan stTata is so nearly boitzomal 0--wr»t 
that throughout Central India there is one prevailing Lyjje gftaUia. 
scenery. The sharp narrow-backed ridges of lhe kJjpufina 
border, following ihc strike- of the Arlvallls, give place to 
broader flatter elevations, where the red-sand stone strata 
{farmed, it may be, from the debris of the Ardvalli range) 
spread into neaily horizontal layers, with a gentle till south- 
wards towards the Vindbyan water-parting. Here art straight 
lines of flat-tapped hilts and isolated synclinal folds, with deep- 
set tavihes {locally known as ifc), and the rivers occasion- 
ally run deep, with a network of intricate ravines interlacing 
their bortkia. Such well-marked hills as ibid which is sur- 
mounted by the rock fortress of Cwaliar are rare, but they 
occur with Its* accentuated features farther south, and with a 
general tendency to scatter LnLo isolated groupi, living wide 
■paces, of flat plain between. Forest areas arc restricted id 
tbis pert of the t’cningyli, and their bounds are usually well 
defined. There is none uf the interminable jungle of the 
Central Provinces farther east and -south; the climate is for 
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the mast part delightful in winter and tolerable in summer. 
The elevation of the plains rises to about ss h MO feet abort 
sea -level, and the scenery amid the broken highlands is often 
magnificent. 

Eastward of ihe Central Ttsdian Stales, but north of the 
central water, parting and still within the tM&in of the Ganges, 
the characteristics oF the country change continually. The 
water-parting between the Narbada and the Ganger Lies cletse 
to the Narbada, river, i^trieting the valley to a narrow trongh 
from its source at Anmrkantnk. From the Amarkantalr masii/ 
the Son river takes its rise and runs north-east (o the Ganges, 
and here too Hue upper affluents of the Mabanadl emerge out- 
ward and strike south-east for [he Hay or Bengal Between 
the two lies a broad tract ol country, closely intersected with 
forest-covered hilts on the west, but sinking into moist alluvial 
flats on ihe east (wStere i.i approaches the Gangetic delta), which 
ls drained by several minor rivers, carrying Iheit warefS to the 
flay of Bengal herween the FEooghly channel of [he Ganges 
and the Mahinadi. 

The hilly district winch culminates on the eastern edge of the 
Jubbulpore province (where ihe shrine at AraasrVantak overlooks 
the sources of three great rivers) includes many remarkable 
topographical features-. With a general tendency in the prin- 
cipal ranges to maintain a strike transverse to the meridian, 
they nevertheless present a most irregular structural conform- 
ation. Their broken outlines, piled upwards in apparent 
confusion— hert stretching nut into (lattlsh forest-covered up- 
lands, there breaking into tugged spurs dipping steeply down 
to ilifi 1-iver edge -flic highly picturesque; and the intervening 
folds of ihe rolling ruddy plains, dotted with tree dumps and 
spaced into park-tike glades arc both typical and distinctive of 
Central Provinces scenery. 

The Narbada and ihe T3tpti (to lliO south of the Narbada) 
together form a conspicuous exception to the general rule which 
governs the course of the ri^ra of the Peninsula, Inasmuch as 
they flow westward, instead of eastward, in comparatively deep 
and narrow valleys to the Indian Ocean, dividing the sloping 
plains of the Yihdhyan system bin the Deccan traps and 
the plateau* of the central area. The two valleys Arc 
themselves separated by the SJtputi hills, which range 
themselves in a well-defined ihicklyforest-rLad mountain fold 
from the central mass (culminating about Amarkantnlc) to 
the coast line above the Western Ghiis. A break in th<? 
continuity of ibis picturesque chain near KhandwH admits 
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of the passage of the railway connecting Jubbulpore with 
Bomb&y. South of the Tiifrtt river, throughout the Deccan 
jnd Madias, all the river e of the Feninsula How sercss 
the continent from went to rising in the slopes of the 
Western Gbits. 

Went 10 the Gunges, the Narbada rants as the most sacred TJie Sarhida 
liver in India. Along its banks me creeled shrines And 
temples innumerable, and tradition points to an age when 
it should oven supersede the Ganges itself , in UkO power of 
its sanctifying agency. The upper port of its course through 
the Central Provinces is confined within an exceptionally 
narrow and steeply enclosed valley, deep-set between the 
scarps Of the VindhyiS Ott the rtofth and the spurs of the Sat- 
purSs on the south. Here the Narbadi is a magnificent 
Stream of dear rushing water, breaking into cascades near its 
source, and leaping into falls where marble rocks ervdoSG it 
below jubbulpore ; hut after leaving the Central Provinces 
it widens to a mile Of SO in breadth, and courses placidly 
through the fertile flats of the Broach District of Bombay. 

Bclow the city of Broach it forms an estuary thirteen miles 
broad, the approach lo the port being entirely dependent on 
tide. Tho Karbad.1 is navigable for country boats I'or about 
silty miles of its lower course in flood time only; the upper 
reaches of the river are unnavijjahEo and at the same time 
practically useless for irrigation. 

South of the Taptl river commences the Deccan, that JynctlEm 
Striking physical feature which slopes tbft whole fl*fttinent 
of India — the great three-cornered upheaval which, abut- 
ting on the lint of the WesLern Chats, slopes with 
Comparatively regular and easy grades to the step formed 
by the Eastern Gbits overlooking the Bay of Bengal. 

Fringing this central sloping plateau on cither sde is n 
harrow strip of coast land, which comprises the lowlands of 
Bombay m the west nnd of Madras on the east- lltese 
lowlands form the India known Co mediaeval tradition. It 
was on them that the foreigner, pushing forward his com- 
mercial interests, first set his foot; and the lndut known to 
tho Weal for many centuries was hut the narrow margin bf 
fertile territory which lay below the feet of th® mountains known 
As the Eastern and Western Chits. 

There is naturally a considerable difference of physical The 
aspect to he noticed between the low flat lands bordering Wl ' ltrrn 
the Indian Ocean to the north of the Narbada and those 
df the long strip of Bombay coast to the south. When the 
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great prohislorie &ea Northern RijpuUSna disappeared, 
there disappeared with it those climatic influence! which 
One* streaked Rljputdna wath glaciers ; hut in later years 
the evidence of land formation has reasserted itself and is 
even pet in. process of evolution. Whtre the sajtds eF Rljpu- 
tnnu, shelving grnily westward, merge into the flats cf the 
Arabian Sen, we find the indefinite Spate of land and water 
called the Rann nf Cuteb, generally defined in Mir ifrilpa as 
ti gulf or sea, with the island of Cutch standing In its midst 
and the peninsula of KAthilwJlr separating it 1 n>m the shallow 
Gulf of Cambay, But l he Harm Ls now chiefly dry land— B 4*lt, 
barren, blinding waste of sand, where only the wild ass can 
thrive; and there 59 - abundant evidence Oh alt aides that it has 
been but lately developed and may again return to the sea, 
Kithiiwlr, with rising hills amid wide fertility, is an ancient 
land formation, possibly as old as the ArJvalits themselves; 
but north of Kathiawar, And south of it in the Bay of Cambay, 
as well as northward beyond Ksriielji and on the Makriifl coast, 
ihe process of silting {doe partly to the influence of the south- 
west monsoon currents, and partly to the .terrestrial action of 
rivers) is stilL proceeding apace, w that the general progression 
of Land formation Ciitl be traced from year to year. The 
ceaseless action of the surf, ifowly overcoming the resistance 
offaetl by a firm shore line (and A-ded possibly by a slow 
alteration in the level of the land surface), has here and there 
led l» sea encroachment. The growth of the land seawards is 
neither universal nor unchecked. The western promontory of 
Kaihibwilr has yielded somewhat to the ocean, whwe waves 
now beat Oh the steps of the tempto at DwSita; And there 
aro traditions of islands farther south fringing the coast in the 
days when the slow fleet of Keatchus was piloted- from the 
Indus mouth to Persia, which have altogether disappeared. 
Rut much of the land material thus effaced ha* been given back 
in the form of silt washed up in the fast-sbfltfowing inlets 
and bays, and has contributed to the larger distribution of 
those deltaic areas which now extend for many i([uatfc 
miles over spaces which have been sea within historic times, 
SdUth Of the TApti river abflg the length of the Bombay 
coast no very recent land growth is visible. The evidence 
of present configure Lion, confirmed by tradition, points to an 
ancient submergence of 9 vast ejiiensson of she continent On 
the west. 

The pent wall of the Western Ghats probably represents the 
primaeval water-divide of tht: bygone Peninsula as it represents 
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that of to-day r Vut the u[iheaval to present altitudes must be 
eomparali rely recent, inasmuch, as the swtp-sided valleys of 
the it vent draining westward, and ih*ir tendency to dcqien and 
teach back eastward at thesr sources, seem to testify to a yet 
unadjusted gradient. With, a general eluvuiLon of j.uoo feet, 
the rugged outlines of the Western Gh-itS ate shaped into 
stWp'Sided cliffrt and scp-irc-crcstcd fiat-topped peaks, widely 
present a mnarkable appearance. Tbc weathering action of 
Sges has shaped the trap formation into natural dwdel? £nd 
fortresses wtitell dominate the crest of the Hitts, and were found 
most useful as military ]HJ&ilion 5 ( in the wild days of Marathi 
supremacy. South of Bom bay the seacard fact - of the hills 
is clothed with dense forest, and [asses inland from the 
coast are few, But in the north the interior plateau is 
approached hy several roads, fausontE in history,, from the 
level coast strip on the western side. Of these the Borghit 
is the best known, for where the railway now curls and 
twists around the spars of a tremendous rapine to a height of 
feet above the sea was once the military rrWrl which has 
ever been regarded as the trey to the Deccan. It opened the 
way front the rising port of Bombay to Lhff plains of India. 
The Thalghflt (>>91? fert) to the- north-east uT Bombay ls 
another historic pass which lilti v, isu now carries a railway f and 
% iturd (almost equally celebrated) Cuntrtcts TSdgaum with 
the little port of Ycngurla. The precipitous squarC-Cut peaks, 
which give iuch a fantastic appearance to the scenery of 
the Western tihils, are to be found wherevCT horlEontal 
strata of varying degrees of resistance are subject to sub- 
aerial denudation. They repeat themselves irs the Drools 
of Deccan scenery. 

The seaward face of the Western GhivtS is steep, a veri- 
table ' landing Stair 1 from the sea, and the intersecting 

valleys arc filled vrrth Luxuriant vegetation, nourished by 
the sea bijrrfce mists and vapour* which condense itpon the 
cr«l of the hills and stream down the steep-sided gullieJ 
in endless precession during the monsoon season- The 
narrow space of lowland bordering the sea below (rrem 
Iwehty to fifty miles wide) Ls much broken by spurs through- 
out the northern province of the Konkan, and in North 
Kanan* the bills approach the sea very closely [ but farther 
to the south they recede, leaving the fertile plains of South 
Kanara and Malabar oompifrt lively open. In the District 
of Malabar the Western Chats merge into the irregular 
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uplands Of the NElgiris, rising in altitude to y,esHj and 
SiPoo feet ere they drop s*nldcnly to- 4 remarkable gftp 
(the Palghit Gap), through which the railway is, now cartBd 
eastward from the coast port of Ikypore. 

The low-lying plains bordering the sea throughout the whole 
length of Western India, from the Kathiawar promontory to 
Cape- Comorin,, represented bn. mediaeval agiis mnst of Ihc 
wealth and strength of India, and are sill] noted for their great 
h'-i c 1 1 ; [y , Ancient ports and factcri,h£ (Arab^ Portuguese, and. 
Dutch) are to be found scattered along the coast lint, and 
amid the palm groves of Malabar ore many relics of lie 
days when lh* commerce of the East centred on this coast, 
The long, Ann, curved outline or the western sea-board south 
Of Bombay is lost in Malabo, Here Lnkts and bathwaters 
break across the dividing line uf sea and shore, rendering 
the coast scericiy impressively beautiful, Cascades plunge 
down the steep-sided cliffs into depths spanned by rainbows; 
and the deep stillness of primaeval forest encloses the clear 
reaches of the sea. 

The physical aspects of the KllgLris and ^daimatais (repeated 
in the highlands of Ceylon) arc recnarkable for a certain round- 
nesi of outline and softened harmony of colouring which is 
wanting amid the sterner grandeur of the Himalayan moun- 
tains, or in the sharp exaggeration of sttep-sided, squaro- 
creSted peak and undulation forest which distinguishes the 
West With a warm climate and a plentiful rainfall (So to too 
inches) the abundance of natLLffll flower growth allied Id an 
Indigenous sub-tropical vegetation is the glory of the Uluc 
Hills (Nfl^iris) of the south. It is a characteristic which 
Stiff rows of imported Australian trees {eucalyptus, wattle, 
and the like) have hardly yet displaced. The .swelling grass 
downs of the plateau arc parted by clear streams running in 
shallow channels, or by spaces of marshland and bog, bordering 
patches of indigenous forest, at lAalpi, which adjust them- 
selves to the rounded contours of the bills. From the 
western peaks of the Milgiria the lowland sea of tumbled 
WyTUid lulls may be scan stretching towards Ibe blue watets 
of the Indian Ocean. 

The Nilgirl group forms the orographical apes of the 
Dcccan highlands, which occupy a central triangular space 
of the Peninsula, bordered by the Bombay and Madras 
lowlands on the west and cast respectively. Southward from 
the KllgEris, but separated from them by rise well-defined 
Palghit Gap, Ihe line of |he Western Ghats is continued 




*] 



ph ysi cal aspects 



.IE 



through the Anaimalai group by definite ranges to the 
southern point of tbt; Peninsula ; while detached masEos of hills 
(the Palr.ii and the Salem hills), branch mg olf to the north ’east 
towards Madras, preserve the SlrUctural outLines of the continent 
south of the Hectiin. 

Iktvreen these southern hills nod the eastern coast anTh<Cws- 
eapnse (10a mlks in n kith} oF lowland forms the richest Ir - Ln ^ cl 
section of the Madras I’resbdcjiey, 'fbtr lieavy SVV, mon- 
soon rainfoJI of thti Western Ghnts is unknown in the plains 
of Eastern Madras, but comfiLTisatjon is found in the NE. 
monsoon which usually succeeds (he currents of the 
fonmetr About 40 to 50 inches of rainfall form die average i 
and it is sufficient (with the addition of highly developed 
systems ofirriplion) to ensure an almost inexhaustible fi ;n il iiy 
to the productive soil of these heat-laden districts. The low- 
lands of Madras are lands of palms, and of rice cultivati on ; of 
architectural development \ of magnificent temples and decora- 
tive menu t*um fs of the l-lindu faith • of busy centres of native 
Culture and industry, where afo^e lhreughout the length and 
breadth of the continent evidences of a really indigenous art 
may be found. 

Northward from Madras, curving slightly to follow the coast Th* 

Hue, stretches ri scries uf bdls forming the eastern Hank of J^ :ltrn 
the Dfecan plateau, which are known. as the Eastern Ghats, 

They possess little of the magnificence gained by the regular 
structure but irregular outlines of thg Ghats of the west. 

They are scattered, broken, and of much interior altitude ; but 
there is geological evident I lint they are but the denuded 
and depressed relics of a far liighcr and more distinguished 
mountain aeries, which may have bofcn contemporary with 
the Arfvallij, They are certainly very ancient. They may 
be traced northward at varying distance* from the toast 
{averaging about jp miles from crest to shrin: line* but 
occasionally throwing orT spurs which tireak the coast into 
headlands) tilt they join with the transverse water^liyide 
which pans the rivers of llic Deccan from the Narbada 
a *vd Mahanarlr basins. The physical characteristics of aEt 
ibat strip of territory which includes the maritime districts 
of Madras vary hut htlte between the MahEhadl basin and 
Cape Comorin. Every* I ten: there is the same humid atid 
enervating atmosphere, but faintly relieved by the freshness, 
of the sea j the same narrow strip of sandy foreshore, lead- 
ing up to a wide vista of green rice crops and palm growth ; 
tbfc same background of forest -clad hills, now recedi hg into 
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the misty distance, now breaking the dead monotony of 
the JiUTf'bound cost with Iwld bleak headlands. At intervals 
111 ere occur broken edges in this ancient CMit-Urne, where 
large lagocns or lakes range themselves in a formation not 
ui-Llilte that of the backwaters of Malabar. Whenever the 
delta of a £nCn( river occurs there reaches out seaward * 
wide crcpanse of banka and shallows whtdi render a close 
approach to the coast ports impossible to ships of any size. 
When no such, sdt-formationsi exist, the open roadstead 
asuatty afForrk Fair and close anchorage fas at Madras and 
Vragipttarn), but on the whole the cast coast of India L-s 
1 ingvi In rly deficient In natural harbours. From the deck of 
a coasting Steamer at anchor off Muulipatam a far away line 
of nodding palms is frequently all that may be seen to Indi- 
cate the existence of land. 

On the west of India the long, line of maritime territory 
stretching between the Gbits and the sea :s unbroken by the 
passage of any considerable! river south of the TilptL But 
on the eastern coast we have in succession all the rivers of 
Central and Southern India, which, rising almost within 
sight of the western coast, break through the line of 
Eastern Glints and form wide fertile deltas, which ate the 
granaries of the Peninsula. The deltas of the Godavari, 
the Kistna, and tho Ouvery together form tire most ni- 
markab'e feature In lhe economic geography of Madras; 
and to the north of them the MahSnadr intervenes with 
another ayMetn of de'taic irrigation which adds to the wealth 
of Lower Uungah 

The term I lecean (TtakshEft, the 4 right hanri T or 'south') 
in its political application comprises the highlands filling 
the triangular space south of the central transverse watershed, 
and within the cateRl-line of the Eastern end Waste hi Gh 3 |s 
which buttress it on either side. Shelving gradually from 
west to cast, it is generally an area, of open valleys and broad 
plains, broken by the fantastic outlines of die Western Ghats 
and their Outliers; extensively cultivated within the Stales 
of Hyderabad and Mysore, but coveted with primaeval forests 
to t he east of the God-ivari, where it stretches In gentle grades 
to the crests of the Eastern GEiatg. 

Tire two groat river basin* of the Godavari and the Kistna 
nearly divide the Deccan highlands between theiil. The 
Cauvery is a third -river of the Dcccan which has its sources 
in the Western GhiltS to the north -we it of Mysore, date 
10 those of the Tungabhadra, ihc chief smitSifern affluent of 
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the Klstna. Tho hossin of the Ptnuer also- {a comparatively 
smalt nver which reaches the Hay of Bengal hear Nellote-} 
Endures a pad of the Deccan highlands. The small streams 
and rivulets which, emerging from the embrace of the eastern 
slope!! of the (Hints, unite to form lhesc rivers as they gradually 
ptttfltt an uneventful course through the shelving flats of 
the IJcccan, pass through districts which arc almost mono- 
tMIOTlgly similar in (heir physical characteristic?. The magni- 
ficent peaks and precipices and broken Outlines of (lie western 
mountains, merge genii y into wide nusL-coinured plains, streaked 
and dotted with outlying hills of hold configuration*, which 
si ill preserve a physical likeness mid relation to each oLber, 

Th* intervening Ate bttt in patches, or covered with 

an intermittent growth of somewhat stunted forest, save where- 
the black soil (locally known as f cotton 1 soil) prevails near 
the rivers, until gradually the river-flow becomes move abun- 
dant. and in Ration adds fertility and agricultural freshness 
to the landscape, There is no soil in India mote productive 
than the black cotton sral of its central highlands, In the 
gneissic regions of the llteccan, the plains arc frequently started 
and dotted by granite tuts and Ij 093 t;s h sometimes of immense 
size, which introduce a local character to lhe Aspect of the 
country chat is entirety tyjiii.il of India. The ruck of 
TrichinopoEy 3 the great carved bull of the ChSmutidi hill in 
Mysore; the Marian Mahal in Jubhulparo, where palace 
surmounts a rounded mass Of granite, are all famous and arc 
All typical . 

As the great rivers, gathering farce, flow eastward and Jotlth- IiwUih 
ward, the Arid wind-swept plains give place to a more general flUt * !r ‘- 
growth of jungle, and immediately Approaching the Eastern 
Ghats the forest thickens greatly. 

Indian forest, which is perhaps Iho most generally prevalent 
Of all its physical aspects, varies very much in different parts 
of the continent. In the north And north-east ef India Hit 
Tarai forest helew the Himalayas largely cOnsisVi of huge tree* 
set in & thick most of almost impenetrable vegetation, with 
a rank growth of grasses and reeds intempmud- The 
trees are often of gigantic sise, and tufted batnhws inter- 
lace beneath their widespread Arms, re dating daylight La 
twilight, And leaving but thu narrow [ralhs and traces of 
wild Animal? opuq to living movement: in their midst- White 
elephant? and buffaloes have not forced A way, it is frequently 
impossible to traverse these forest? at aLL 

Some of the denser forests of the west coast almost rival 
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those of the Tarai, They Endude an infinite- variety of Binall 
shrubs, parasitic plants,, and tangled creeper* ; but the forests 
of the central highlands on the contrary are -mostly full of **f 
and light, which percolate freely amid a stunted growth of aca- 
cias, siii tfitorta rsbu:ia) t teak ( Trines, gw tidis), tamarind, and 
bamboo. The ragged iujptn {a form of teak) scatter! dead leases 
Mi*ong the yellowing grass StdltS of winter, and thorny stunts put 
out he* 1 inds and a fresh greenery h t the same time. As the hot 
weather wears on. Central Indian jungle becomes filled with 
weird patches of colour. The straight stiff-limbed cotton-bee 
is tkcorated with scarlet blossomy without the rfcEicF of leaved, 
and the glossy-leaved dhn& [Bulas fr&ndot(i) hangs OlU bunebea 
of vermilion- The glaring sunshine is but faintly modified 
by any foliage save that of the banyan and the plpal 
indica and E rr/tgi/tt*), beneath which the drisd and scanty 
g rails fids the air with dust And fluffy seed, llsmboos and 
cane brute are common in damp spots near the font 
of die hills, on and about which the best limber {.teak and 
Sal) is invariably found. Forest reserves have done much to 
improve the forest gT&wlh \ and already tbs wild animals of 
the trackless jungles have made these reserves peculiarly their 
home. 

The G-otbvari river rises in the Nasit hills of Bombay and 
follows a generally southrcasterly course through the Hy- 
derabad Stale to the Presidency of Madras. Its total length 
is about 900 miles, rind there is no nver in India which can 
boast of mrtfc varied scenery, It* upper teaches are compara- 
tively shallow, Rowing in a wide channel with a gentle grade ; 
.nnd its chief tributaries, the Watdha, the Ikngangil, and the 
Wainganga, share similar characteristics. Where it p*Jts 
Hyderabad from British territory it receives tlie waters of the 
Indrivati and the Sabari, and deveLops into a wide and im- 
portant river with a broad channel and many islets. Countless 
smaller streams join it from the Hydcribid side, and in most 
of them gold-washing is un intermittent, but not a lucrative, 
industry, Of lb* rublOT rivers of India none is more intsresl- 
Eng than the Indrilvati, which traverses the most untrodden 
regions of the Peninsula. Here, in the deepest recesses of 
the wild forests which cover the Mardian hilts, is the home 
of the Gond races — one of the aboriginal Dravidian peoples 
whose origin is indistinct j. a people who Still erect rude stone 
monuments and use Stone implements, unwitting of Ibc 
procession of the centuries and the advance of civiliiation 
to their borders. In the scale of civilized peoples they 
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aic even Low^r than tins Bblls of ibt Narbada basin, Thu 
whole course of the Indrlvati and the Lower reaches. of 
the Godavari b-elLivr die junction of the two livers ate 
spLendidLy picturesque. The channel of the Godavari con- 
tracts, and the hills cbise in till the river breaks through 
a magnificent only jco yards wide, before spreading 

outwards into the plaLtis sortie sinty miles from the 
eM, The entire delta £>f the Godavari has been turned 
into a magnificent liesd for perennial crops by imitation. 

An "anient, 1 two and a half mils tong and Substantially 
huiJt of stone embedded in cement, has been earned across 
the river where Er enters the plains, and from the head of 
warei thus obtained three main canals carry 3,000 cubic feet 
of water per second (rising to if, coo in time of !*■ >lL} to 
fertilise- 780,000 acres of productive sCh(, Tins*? works are 
aenong the most remunerative irrigation systems In India, AEI 
atiertipts, imwever, to render the Gu&Tyari navigable to the 
Centra] Provinces have proved fruitless. 

The Kis-tna, rising near the ilchalvlcsliwai- sanitarium of The 
Bwntsy (about forty miles) from tin? western coast), [tfstes Kli * na - 
through India southward and eastward, watering districts which 
arc in most particulars simitar to those of the upper Godavari 
basin. The river, like its two great tributaries— Eho bbimn 
from the north and the TungabLudra from the so nth. — flows 
rapidLy over a rocky bottom, and is of Little value f>r 
irrigation till ft breaks through the Eastern Ghats and 
spreads over the Madras-ward Lowlands. Two main Irrigation 
canals arc carried from the 4 anient 1 which arrests its iLnw 
Ut Berffilda, where it leaves the hills, and between them 
they irrigate an area. of 32(1,00* acres, introducing another 
wide space of deltaic cultivation into the maritime districts 
of Madras 

A tbitd such spice is formed by the delta of the Cautery, Tic 
which constitutes the greater port of the fertile District uf 
Twjtiie ('the garden uf South India 1 )* Hero llieru is an 
antietiL 'arucut, 4 or dam, of Unhewn stone, 1,08* foot in length, 
a modern 1 anicut ’ 2,250 Feet in length, across the 
Colerocm branch Erf Lho river. The Cauwery (which is known 
to the Hindus as the SiakshLni Cangi, or Ganges of the south, 
and is traditionally said to be derived from Lin.- same source 
as the Ganges) rises in Coorg, and becomes the river of 
Mysore. TtS upper course is tortuous, the bed of the river U 
locky, and the hanks are steep and covered with rank vegeta- 
tion. In the Mysore Slate it is flanked by a strip of 




THE INDIAN EMPIRE 



The 

EitreOie 

wuiii. 



Tra.T-j.n- 

can. 



4* 



[CK-SF. 



rich cultivation, no less than twelve irrigation dams having 
huen cynslritcled to intercept it-s how. Within the limit Of 
this State it oicLoscs the- two iaoed islands of Scringapacam 
nut! SErosam udram. Around the latter ftrS the celebrated 
falls, the river branching into two channels, each of which 
descends alicut jos feet tn a series of cascades and rapids. 
The scenery of this part- of the river course is unrivalled 
fur rnmanJtic Ixiauty. 

Three minor rivers— lh* Fenner (the river of NeEU>«k the 
ThilSr facrnlh of Madras), and the Vaigai {the river of Maduffl) — 
all contribute to the alluvial wealth of the maritime districts 
of Madras. The chief physical characteristic. of all Eastern 
India is its deiteic wealth and agricultural abundance. Here 
swarms an indolent tLce-cating pujiuiatiOin, which contribfrteR 
is little tQ the strength of the Empire as the eastern 
district* of Itengal. A moist, humid atmosphere, cajy 
abundance of food, and a generally enervating climate, all 
tell against physical dcvebipment ; although there are yet 
communities in. Madras which fin boast at a martial 
population wiLb traditions &f the Carnatic and Mailthil wars 
still storing Lheir veins. 

In the ottreme south of India lh* HUAricts of Tinnevelly 
anti Madura, shut off from the western maritime State of 
TrivSUlCOre hy the granite ranges of the Southern Gh3t$, present 
a distinct feature in Indian physiography. They consist my4% 
of o-jjett treeLess plains sloping gently eastwards lo the sea, with 
long spurs and outliers reaching north-east wards about the 
sources of the Vaigai, hut southwards, where She mountains 
rise to j.dod feet in height. lh*y throw off no Split* whatever. 
Isolated hills and masses or rock are scattered about the broad 
red plains, with a little cultivation near the- river banks, Graves 
□f palmyra and coco-nut flourish near the coast and along the 
river hanks, but llte ycncral appearance c/f the country is onO 
of dry, red -desolation. The coast line is broken by shoals, and 
rocks, and reefs, with many evidences of the recent submergence 
which, has separated Ceylon from Lhe mainland. It is a curious 
feature in Indian physiography that so gTeat a difference should 
mark the- aspect of this part of India (the early centre of 
IJravidian occnjjation and development) and Ceylon, which is 
so near ih 

'f ravancoTL', OH Ihc other hand, is. ono of tlte most pietuiwsqtte 
portions of Southern India. The Ghats, covered with mag- 
nificent primaeval forest, throw oul spurs to the western coast 
Tire whole country ls Undulating, and the HfiJTbw atrip nf 
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lowland facing the ocean is one unbroken mast of cOno-miL 
And artca p*3mt- The coast as patched with Lagnons and 
backwaters, the latter forming a line of inland niter c*im- 
municAtion for nearly the whole length of the State. The 
abundant rainfall ts answerable for effects uf clirtlnie and 
scenery which (unlike TirinevOlly and Madura} find their 
parallel in the southern island. 



Separated from India politically as a Crown colony, Ceylon, Ceylon, 
the 4 Utmost Indian isle,' cannot 3 )C dissociated from the 
Peninsula, with which it is so nearly connected liy Adam's 
Bridge and the island of FametW&ram, 'Hie rocks and 
shuids which beset the narrow sea between the Indian 
coast and Ceylon aie passable by two narrow passage : ynC| 
known as; the Manur, is Only navigable by small boats; the 
Other, the PSmban, admits of vessels drawing ia f^et- Ceylon 
appears to have been for ages; slowly rising from the sea, the 
extension of the northern flats about Jaffna being quite recent 
— peobnl>ly formed partly by accumulation of detritus washed 
down by strong southern currents from the CofOfrtfndul coosL 
and piled on to the coral reds around Point Tcdn \. From tin; 
central mountain *Orwi outwards there extends a lmiqd fringe 
of plain, which varies in width from jo to So miles in the 
Mcrtbern parts of the inland, but occupies very nearly hair of 
its area in line north. The mountains group themselves- into 
fcatigtic peaks and prominences about Ihe centre of the island ; 
but, irregular at is their apparent configuration, there is a 
distinct tendency to a north-east to south-west strike about the 
main ridges of them. The highest peak, I'iiunitalaga, cfnmri 
nates the mass from no altitude of £,30* feet ; but the sharply 
defined Adam's Peat, ovtrlnokitig thu sacred footprints of Siva, 
of Buddha, or of Si- Thomas (according to the faith of the 
devout pilgrim to the shrine.), is better known. Detached 
hiHs are rare, the most famous being ilahintaltf near lire 
ancient Buddh^t ctly of Anuradlupura ; and Siguri, which 
is Wry similar to those detached and steeply scared isolated 
bills of the Deccan which have so frequently been con- 
fftrted into Marathi strongholds- Except for the clearings of 
Jilautatimt and agriculture the whole island is jungle-covered, 

The northern half of it Ls a vast expanse of primaeval forest, 
baversed hy the great high road ol the north, with Its branches 
!0 the ports of the eastern coast Forests haw dosed in, 
around, and over the site of the great Buddhist cities* which 
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Atie as yet but partially explored. Ancient images of Buddha 
sit in ciotnai contemplation of the recurrent precedes of decay 
and regeneration in Ihe shadowy dep4hs of the evcr-thickefling 
jungle. Twenty Icct below the present level of the land aorfaoe 
are found architectural evidences of a fotli which founded them 
less than 3,000 years ago. 

The coast-tine o: Ceylon is singularly beautiful Fringed 
with palm trcea down to the very waters edge, the long line 
of yellow foreshore is broken at frequent intervals by the 
picturesque villages of a fishing population, which seems to 
swarm in every sheltered bay and backwater. On the cast 
and south the coast ;s low, and (he surf beats with long 
monotonous cadence on the sands. Or the cast some of 
the luxuriance of vegetation is wanting, but the coast breaks 
into bold headlands, cliffs find precipfos^ and deep soundings 
aTC found close to the shore. Thfc hfttbour of Tri rtCOtrrtAlet 
famous, in the history of our naval conflicts with the Trench 
in eastern sens) :s celebrated as one of the mtjst heauliful in 
the world, ranking with Sydney or &io Janeiro. The welL- 
lcnown ports ut tine west o&ASi, those of Coionibo and Fomt 
de Gallc, are picturesque, by reason both of natural situation 
and artificial development. The quaint old Dutch towns 
which overlook them, full of life and colour, seem specially 
adapted to match the natuml environment of docp green 
vegetation flanking smooth-spreading grass flats, interlaced 
liy the ruddy roads or brightened by sparkling lakelets. 
Nt> measured language can express the beauties of Ceylon 
scenery, From Colombo to Kandy, where a. lake aet in the 
hills reflects the visions of [.olein and temples, and Ihc many- 
coloured array of native buildings below the long slopes of 
the shadowing mountains } and from Kandy to Hunan Elia, 
where the sol Le t and gentler beauty of the Nitgirii is repealed 
in rounded slopes and lakes and patches of indigenous i&ofat 
amid the mountains, there nr-e end less vistH of transcendent 
beauty. The rivers o( Ceylon (of wbixh the chief is the 
Mahaveli Gang!), while jer collecting their mountain 
Affluents, rush down words through glens and ravines, and 
fall in cascade? to shaded forest depths, circling And winding 
Under the curved arms of magnificent bamboos, breaking 
into cataracts and rapids, and finally sliding in broad level 
reaches ACrOSS the Hats and sands of the maritime low-hinds. 
The roads of Ceylon pass through long avenues of pepper- 
festooned pelm trets, hacked (but for the narrow spaces of 
cultivation.) with black depths of primaeval jungle. They anj 
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full of Eife And colour,. derived from th ti Splits of myriad 
butterflies which hit the air with pudy glitter* and the gaily. 
drcH4:d Tamil people who gather in bunches on the hanlis 
pl «™t foiuvsicted Buddhist tanks absorbed in eternal 

£™P- 'The clear spaces of Ceylon are 10 be found in the 
plantations of GKU, coffee or Era, or m the midst of ihc 
rice-fields. Cot Cm cultivation favours u grwth of shade trees, 
ajid a oocoft estate therefore prints a natural charm some- 
times wanting in the stiff lines of tea cultivation, which cover 
the undulating bdls up to an altitude of about 6,oeo feet as 
With a dailt-green vestment. Since [Jig failure of coffee, tea 
pliant at ions hare become the prominent feature in Singhalese; 
mountain Landscape 
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CHAPTER II 

GEOLQCY 
/, Introduction 

To those wht> support as well as io those who deny the 
doctrine of the permanence of oceanic basins and corn mental 
plateaux, India, the land of paradoxes, provides striking illustra- 
tions of tSi&e diametrically opposed opinions, a circumstance 
which suggests that the real truth ties somewhere between the 
Oxtrfljne positions taken up hy tw* classes of equally sinecro 
naturalists. Those who think that ihc main omgTiiphieftl 
features originally developed &p tlio solidified crust hare 
nc^er bwo seriously rimdif»ed recognize in the main Pen- 
insula an trample of solid land which has neither been 
folded nor disturbed since the earliest geological limes. Those 
who hesitate to rocogniie Ahy limits to the mobility or the 
earth's crust quote the Himalayas us an example of an arm in 
which ina fine deposits containing Nurnmulitcs, and therefore 
no older than the [-Ondon Clay, have been raised loan eleva- 
tion of 20,000 feet within (he Tertiary period. 

Within the limits! of the Indi-nn Empire we hare, therefore, 
two utterly dissimilar arcus, unlike in geological history and 
equally unlike in the physical features which are the direct 
outcome Of the geological past. In the Feninsula we have 
one of the few masses of land which have withstood all ten- 
dencies to enilMoldtPg for as long as the paLacontological 
record stretches back, in the HimiLayan region, on the 
Other hand, die folding of the Cnlsl has produced, during 
the Latest geological epoch, the grandest of our mountain 
ranges* 

Except in marginal strips which show HfmpurATy And local 
tr-vspasscs of the $es On lh* cuast, not a single marine fossil is 
found throughout the whole extent of peninsular India. The 
or eg/ a phi cal features of this area arc the outcome of the 
differential erosion of Sn old lSnd surface, whom the shallow 
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open alleys, will] rivers near their base-levcL of erosion, and 
the gently undulating plains sts due to the toning dav.n of the 
Hicks by long exposure to the weather, 

A very different slate oF things es disclosed in the land tying The raided 
|o the west, north, and cast of the gr*n! Indo-Gangtlic alluvial 
belt : in Sind, Baluchistan, the Himalayan l*lt, Assam, and 
Btirnm v* have abundant evidence of reeled immersions 
beneatii the ocean. In thfjs arc* the directions of the mountain 
chains predetermined by comparatively young nock-fold^ while 
the region having been but lately elevated, its rivets arc swift 
and tonenthlp cutting down Uieir beds so rapidly that the 
valley Sides are Steep, with looked material, always ready to 
slide off in destructive landslips. 

In attempting lo express these two distinct geological stones froml.. 
in European terminology *c find iliac our simplest and mast**“ of 
easily transited characters sze preserved in the marine ferity I^wiiSi 
fCt^Us strata, while it is practically impossible to correlate the 
directly the land and fretb-watcr fiimiaijons which aOe so largely Kale^ 1 " 
devclojwd on the Peninsula with their equivalent stages in the 
European standard scale. 

The reasons Far Ihi* contrast ate simple. Conditions of life V±i|?,Ut 
Ore much rnohe uniform, and facilities for migration much 
more perfect, in the ocean than oli land. On land areas there " i-Jn™ [ 
is a greater variety of physical features, and a greater diversity, 
therefore, of climate and other conditions which affect the 
distribution of living beings. Consequently, when such areas 
flre clJl °A" frnni one another by impassable physical barriers,, 
the intermingling of plants and animals b prevented, and 
evolution proceeds at independent rates in the separated areas, 
attaining corresponding stages at quite different times. As an 
example of the errors which would arise if we compared the 
fresh-water and land Fossil; of widely separate areas with one 
another, wc have, its the- existing indigenous iiianiiialiiin fauna 
of the isolated Australian Continent, a stage of evolution 
about equiya lent to that which chatacbcnKod Europe in Jurassic 
times. This want oF corr^pondcncc during the same period 
pf living forms in widely-separated land areas is one yf great 
importance to the Indian geologist, who has had the point 
most si riltingly brought home to him in his attempt to deter- 
mine the ugc of (be great coal-bcaiing system In india, 'J he 
Itucurlant growths h if ferns, horsetails, cycadt, and conifers 
which flourished in the tfreat river-valleys of the old Condwiru, 
continent did not mate Iheir appearance in EuTtrpo until well 
On ?□ tlic Si**OBoic era, yct K from other evidence, we kncjw 
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that the lowest coal measures in India were being formed 
during Upper Pnlaeoioic limes. 

On the other hand, anoiyj; marine fossils, especially such 
freely magritihg forms as cep halo |xhIs, we Hmc in general 
a tendency to wide geci|*Tnphica,i distribution with a vety limited 
vet ties] range. The recognition, therefore, of (he species ot 
marine fossils in Indian formations permits a more precise 
correlation of Indian strata with those of Europe than ia 
possible in the case of the fresh -water strata. The marine 
formations enable us to fist the chief landmarks in Indian 
geological history, and, having established these, we can com 
sideT the associated fresh-water and unfossiti ferous rocks. 

Before setfling down to the description of the Indian rocks, 
there is one more stmtigraphicai principle of which the reader 
should, be reminded : it is necessary to explain hew it is that, 
Ln our attempts to express Indian stratigraphy in European 
terminology, we never attain lull auccesa r 

in consequence of the way in whLcb most areas have been 
alien lately immersed helnw the sea to receive deposits of sedi- 
ment, anti raised to (he denuding action of hi moapheric agents, 
the sedimentary record in any country is marked by inter- 
ruptions at Irregular interval! in the scale. These interruptions 
or 1 breaks ' are not on the same horizons for all purls of a large 
area, for erne part may be below water and receiving sediment 
When another is exposed and being cut into by the weather- 
Thus the dominant breaks in (he Indian strati graphic;; I scale 
tan only by an infinitesimal, chance he strictly contemporaneous 
with ih^se in Europe. In Employing stith breaks in lho 
succession to define the upper and lower limits of stratigraphi- 
cal units, we obtain sexier of strata which cannot correspond 
precisely to the units in the European #»le ; for these 
series we ore driven, therefore, to employ, in the first instance, 
local names which may cover parts of two or mere European 
units. In Southern India, for instance, we have * series of 
Ueata answering generally to the Upper Cretaceous of Europe ; 
but the four natural subdivisions in India do not correspond 
precisely with the European subdivisions. The lower patt 
of the Ll tat nr stage of Southern Tndia corresponds to the 
cenomaniai'i nf Europe, while Its uppermost beds contain a 
tumnian fauna. The lower beds of the next succeeding stage, 
the Trichinopoly bods, arc turonian, while its higher beds are 
senonian (sat Bibliography, paper Mo. 1 ^). This circumstance, 

' y?4j'nrcs In pAKi.lh«i< » ind prhLnl in nr lienc tjryC refer (-a lh« p»n; 
qimled in the Ulblw^rafh.^ at tile «ni£ of It.e dmjitet L 
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which increases the difficulties of correlation, is no more than 
otic exp^etsi from ihy teaching i>f physical geography. The 
changes which occur during the processes of sedimentation are 
Itjeftl ; ortt; area [3 receiving the fine dttritui carried out hy 
a, large river, another is Covered with sand brought down by a 
swifter stream, while a third is being: buried in foramin iferal 
lii.kc, Hir supports a coral reef In the deeper and clearer water 
of the ocean. All have their characteristic forms of life, and 
these differ again, in both lithology and fossj^cOntcnits, from 
the beds produced contemporaneously in lakes and river- 
valleys. The commencement and end of sediment in one 
area do not coincide with Lhcse in another; and, as a final 
didieulty in -the way of precise correlation over large artaa, 
many animals migrate front one region to another, tlioir 
remains helng found in one area and Lhusn of thrftir descendants 
in another at a higher tujriiton in the straligraphiucd State- 
When the reader, therefore, finds the Indian geologist hesi- 
tating over die naming of his stratignsphical systems in India, 
ho should remember that the hesitation is not due always to 
imperfect knowledge, hut to btflrtiouShSS of the fact that 
no unit in the filraligtaplhica] formations <rf India corresponds 
exact]}' with the stage* duhned in the European scale. Never- 
theless, our nearest approach to precision in correlation will 
be ameng the marine fiwtnaurnsa, and these, consetiuently. 
are used as reference horizons in CUIr attempt to express the 
data of Indian geological history in terms familiar to European 
students. 



The datum line in Stratigraphy Eh the base of the Cambrian Cjnimtaa- 
aystein, the so-called Okuciim zone, diaracteriied in various Vi^'i'u an 
parts of the world by remains trf this genus, or its near relations-, ^irau. 
belonging to the extinct order of Crustacea known as trLlobltes. 

Below this line there are many thousand feet of Simla without tisraphr. 
dutemunaWc' fossil remains, and generally rjuite unfossillfeious ; 
above it ate piled Che great fossil-bearing systems preserving 
ih* records of evolution among animal* and plants through the 
Palaeoiolc, Mesozoic, and Camozoic eras to the present day. 



Fortunately in India we IiAvO a trace of this datum line The (Jleu- 
pieserved in the Sait Kange of the Punjab, where, although ' 1,h '' 
tbe Trilobitcs preserved ate. not exactly like the well known 
OteruIhtL, there are forms which must have been close relations 
of it, and we can safely assume that these bed*, referred to in 
more detail below as the Neotr&Inj twdi, arc cquivalcnr to the 
Lower Cambium of Lire Euro[>ean scale. 
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I’o Hie ages preceding th^ <fste at which Hie ftfafafus beds 
were formed we refer r— 

{a) The great mass of cryilsllin* schists which are exposed 
uver half the ffeninsula, fanning the old (toot on which ike 
unaltered sediments were bid down ; 

(i) The great thieknes.se* of unfoasiljfetOUS strata 
known by such local names as Gualiors, Cuddapahs, and 
Vindhyoruk. 

Jlie ages- following (Tie l/awcr (.iambrian period hive left 
their records in India in twogtoup*:— 

(r) During (he l 3 ala-60iw>ic cm deposits were formed in (.he 
estra-penio Bulat area wish fossil remains referable to one Of 
olhef of the well-known syvlctny of Europe from the Cambrian 
to the Carboniferous. Xw records of this era have been pre- 
served on the Peninsula. 

(jf> Horn Ifrrao-Carbomfcrous limes to the present day wo 
Itftve a double history i a record of life and events, on the 
stable Peninsula, and a sci left of deposit* formed in (he adjoin- 
ing ocean whose bed was afterwards opheaved to constitute 
the extra-peninsular parts of India. 

Indian nocks thus fall nai orally mto four gTeat groups: two 
bHow the O/ettiilM datum hnr without fossiLs, and Iwo above 
the Eionbon at: which ihc oldest reccgnlmhk fossils occur. 
The arrangement and thief divisions of these four groups are 
shorn in the accompanying table {p, 55}. 

The oldest is a group of highly folded and foliated, im- 
measurably old, Crystalline schists^ gneisses* and |4u.Lonic rucks 
having the typical characters of the A nr fawn group of liunopu 
and America, with which ihcy can be correlated with sufficient 
safety to warrant the empJoyniynt of the same group narne- 
'3 lie ne.st is a great group of unfossiliferous strata lyi nR with 
marked unconformity on the Archaean gneisses and schists* 
separated Inom the latter by 3 great physical "break, 1 which is un- 
mistakable throughout the Peninsula. This group is here distin- 
guished aUhe/ferffM^oidkand i l includes such isolated systems 
as the Cuddapahs, the OwAliors, and the Vindhyana in thu 
I'cninstda- rocks which are sometimes locally folded,. but newer 
foliated, and often, practically undisturbed. To what eaiem (he 
[ J urlna i-r&ui? is represented in the u nfosji | iferous systems of the 
Outer Himalayas it is impossible to say; for the unLy condi- 
tion daia being lithological, the records have been mutilated by 
the folding of the Himalayan range. TTais group corresponds 
Co much of what in America has Ijeen known astbm AlgonkLan- . 
tocks which Sic between the base of the fossiliferous Cambrian 





Auiast 
mi ax 









JM'IVH H- lllJ.-.VHl-r 



^ ! I ! K .'ll- 

•“(1.1 N- 1 



I ihlrvfijn&n . , , n r r , m r t , a 

limpliw-jinniMS nnd |jrr.niies : ikunkliliet Mid mirlcrt. $riw(htip fnrtu.; amsttlii^lW nJ llfnipl r.KnnnCiiiii 
fxhL^triJt yimiait), aflcn lil Intraflui p-t-^iiinclL^p likr (hu*t n-flht :it*ai Kiaw.n in. 

OlArt Collin , * i * *• * * I fdOtellitliinn 



THE INDIAN EMPIRE 



G roepinj; 
□r tht 
kur-iLifcr- 



Thi 

StewteLf 

break. 



lira vld inn 
£.n<l Aryan, 
finaU]>E, 



5* 



[CKAP, 



ilnd ihc eroded edges of the Archaean iebltti Whether the 
ymittger :::iL';i?i of L|k= Fur-Sna group w-cjtc formed before Cam- 
brian times is not known ; for on the Peninsula, where the 
Upper Vjndhvans arc the youngest strala in the Putina group, 
they come into relation with no fossil ifexaus. melts older than 
the FeraufrCqrtNJnifcraiLS of Europe. 

The nomenclature And grouping of the los-silircfous strata 
it-Huirc explanation, In Europe the corresponding ibasiliferous 
scale is divided very unequally into line PalsseozoiCj Mesoaoic., 
und Cainoioic groups, the LLtferiot and superior Lfmita being 
fiKcd at positions showing ptohounced physical and pativeonto- 
logfol H breaks. 7 As the evolution oF animals and plants has 
been continuous since life first appeared On the earth, palaeon- 
tological breaks have obviously only * local significance, and 
the chief gaps in the European scale do not cnrreKfKjnd to those 
which arc noticeable in Indian strata, [f the scale had been 
divided into groups according to Indian data, the lowest group 
would have its superior limit at an horbon corresponding ap- 
prox! mately to the PerrachCArbemiferous of" Europe, for at about 
this stage there was a pronounced revolution tn the physical 
textures of [lie Tndixn area. Th* second stage would com- 
mence with the conglomerate which was formed in a period of 
great cold, giving rise to icc-shects which have left their marts 
in a boulder hud below the Frodtiottis limestone formation of 
tho Punjab Salt Kange, and in (he i&ichcr series which farms 
the lowest stage of the great coal-lrwaripg Condwina system, 
Thct? b nO break at a higher .stage so pronounced and wide* 
spread as this Up|>£r ] J fllaeo®finc gap. Local changes in die 
physical geography of the extra peninsular urea are recorded in 
many localities* but there is a fiiirly continuous history of evolu- 
tfon from the time when I he remarkable btach-iopod Rrvdttctat 
Invaded the Indian seas to the coral tanks and oyster beds of 
modern times. The Indian frmil iferous strata thus fall naturally 
into two great groups which are approximately equal in value. 
The lower and older group, which may be Conveniently distin- 
guished as the Dranidititt, is about equivalent to that podion 
of the European Palaeozoic which includes the Cambrian, 
Ordovician, fidurian, Devonian, and Carboniferous systems ; 
while the Upper and yout^er, distinguished ns the Aryan group, 
includes all strata from the Fermo-Carbonilerous system to the' 
present day. 

There is no Irate of Any fossiliferaus strata on the Peninsula 
OF India which can ho referred to the Ltravidian group; and such 
unfossilifcrous strata xs the Cu-ddapah and Vindhyan systems arc. 
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in the absence of fimil evidence, (jnouped with the PurJna straia, 

and regarded as more ancient than the CambriM. Ih the TheDmvb 

eirra-penins.-jlar area we have mem ben of the Dravidian group' 1 ' 1 " £ rD1l P 

, . , ,, . . ° r in < xtri 

in the bait Range, where there are strata yf about the same SgO ..^imulii? 
as the Cambrian of ICurope ; in the Central Himalayas, where l" 1 *^ 
Cambrian, Silurian, Devonian and CatbnnifeiWI s fOCla are 
preserved ; and In Burma, where representatives of the Silurian 
and Devonian Elate been definitely recognised by characteristic 
fossils. 

The younger or Aryan group is represented cm the Peninsula Ficih-wattr 
by the great Fresh-water tkindwana astern, which was. followed 
by marginal CEtCroachments of the sea in Upper Jurassic and group." 
Lower Cretaceous times ; and by the deposition of subacrial 
and lacustrine fomiatkuts Eft the Upper CreMictous f with the 
great outflow of basic Java, covering the l>eecan by volcanic 
eruptions, which continued until tbe commencement of Lhc 
Tertiary period. 

In tbe extra -peninsular area, there is a great development of Mirinr ■!□- 
fcjaadJiferoLis rocks, racing through Bermiaft, Mesorasic, and 
Tertiaty limes. Most of these are of marine origin, for the great ^nip. 
central sea, Tcthya, extended ftom Eittopc over most of this 
area throughout the Meto-iolc era. It was only in the Tertiary 
period that the Himalayan Tcgion emerged and gradually drove 
tact the ocean, until, in miocene rimes, it was restricted to 
Baluchistan on one sidt-and Burma on the other. It was driven 
bock still farther in pliocene times, when the mastodon ami 
other mammals now e*tirtet roamed ihrOUgh the jungles of 
Pdfnw and the Himalayan foothills, leaving their hones to be 
burled in the rapidly accumulating dyer sands* 

If, Ere -Cambrian HisSvty of India 

In dealing with the unfossiliferous recks formed in prt-Cam- 
brian times, the geologist is in a predicament similar to that 
in which the historian finds himself when dealing wilh Eugundqry 
periods for which no written records exist. The subject do 
mands either a full dc5cri[rtLon of the numerous difficulties 
which arise from want oF precise data, or the. briefest of slate 
merits consistent with the paucity of definite conclusions to 
which the geologist is abk to point. 

In the pre-Cambrian history of India there are two great and Tfcc Ai* 
well-marked divisions* the records of iho Archaean being fin- Lh: “' 111 aD:l 
measurably older than those of the Purina era. Among the cna^LtiTb# 
Archaean group arc rocks which were presumably formed I ty I'rv-Cana- 
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the oi^dlftAry processes of mechanical Ecdlmcnlation, yfit utter 
thesr formation there was time enough for them to he folded 
into great mountain ranges, and then Cat down ton basG-kvel 
of erosion, before the Pur 3 na sediments were laid down on their 
upturned and denuded edges. 

What this 1 foment represents in the geological time-scale #e 
have not the slightest idea ; hut. it [3 probably no exaggeration 
to say that the lapse of time since ObmPus flourished ffl the 
Cambri&n seas is small compared with' that between the forma- 
tion of the lava-flows which are now folded up in foe Kolar gold- 
held, and the deposition, of foe basement sediments of ih*Cud- 
dnpali area. In gauging geological time the intervals of no 
record are as important as those of continuous sedimentation 1 
and if there Is one break in stratigraphical history that is uni- 
versal!, it is this which culs n IT the Archaean crystalline schists 
from all subsequent rock groups. This Epnrckw.an itUtrlfsi 
in peninsular I nd a ls as well mo iked as it ia in the Clreat Labes 
region of NorLh America, both areas having escaped folding 
movements since the deposition of foe old unfossilifeiotia 
rooks. In these two are-aft, therefor?, the circumstance of folia- 
tion alone is sufficient to mark off the Archaean from foe 
?ui!ltta group. But in areas which have been highly disturbed 
since fturflna times the oLrl and (he very old rocks have all 
been foSiatcd, and it is now impossible to distinguish one from 
another, This summary permits only of brief reference to the 
chief characters of the two great groups, which are here taken 
in ord^r of age. 

More than, half the area of the Peninsula is occupied by cv 
liosurcs of the old Crystal line rocks, which must hive obLainsd 
ihdr present characters at great depths. I Hung afterwards t*- 
posed to the surface by denudation of the superficiaS rocks, 
"The crystalline tocka now ex potted at Ihe surface form 
only a fraction «f the whole,, for large areas are covered by the 
mantle of younger sediments and Lava-flows j and ic is in conse- 
quence of its position wilh regard to the ordinary sedimentary 
rocks that the old crystalline group is sometimes spoken of as 
the ! fistula mental camples,' 

The fundamental complex in India agrees lit essential re- 
spects with that of other countries, for instance America, where 
Lhis group, cvi Account of its groat age— greater than that, of 
any known fosaibfeFQUS rocks • was first named Archaean-, home 
of ^ic rocks forming this complex rttc masses of deep-seated 
igoeous origin ; olhm presumably originated as sandstones, 
shales, limestones, lava flows, and other forms of superficial 
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deposits; which became metareinTphosed hy closo-fold in£, I »y 
dcpressLOJi to great <top(hs in the crust, and by further injection 
of igneous material. 

In some eases the gttdswi end schists present so markedly tMia- 
the chemical and mincralegEea] characters of igneous rOCVs 
that ope does ntrt hosilAte to regard them as merely plutonic (jnsiiw^ 
masses deformed by pressure and move [rural. These Hire often 
spoken of as H otiho^n-eisies 1 and ' oTthosebists,' Others retain 
the essential chemical characters of well-known sclIs’i nents, and 
differ from them merely in numeral character and texture doe 
10 hietamorphism. These arc known as J patagoeLsses 1 and 
' paraschists. 1 But there; is a considerable (taction of (he Mixed 
Archaean gTOnp in India, as elsewhere whose precise origin 
is doubtful : some of these indeed appear to be the result of 
the intimate mingling of Igneous injections and pre-existing: 
rocks. 



The Archaean group in India may thus be divided 
niently » follows r— 

4- rthSrw^riap. 
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3. C ranites of Bihir dome-gneiss ‘)j granites of MotUi 
AtcoL m Southern India, anorthosites of Bengal, chat- 
nocklic series of the Madras Presidency, acutes of Coorg, 
ppgm^Lltes, fi:e. 
a, Echistot* atid 



i. Gnaiswse rocks. 



Among die gneisses and schists it Is practically impossible 
■to distinguish a. succession in time, even locally ; and w£ Ate 
reduced to a system of classification which separates the dis- 
tinctly eruptive types from those pr donhtful origin,, and from 
the masses in which there are signs nf the commingling of 
eruptive and probably sedimentary material Fn a way far Ion 
intimate for differential ion. The following main divisions 
represent the chief types noticeable in the Held 
(t) Well-banded gneisses and schists, among which arc 
alternations of bands of dissimilar lithological types, presenting 
the Characters which one would ospect from ther nnrfatnwph Lsni 
of a formation Consisting of shales, sandstones,, limestones, and 
lava- (lows. The are?«s in which the mtea-lwasring pegmatites of 
Nellore and HatfribAgh occur fonn good illustrations of this 
division of the Archaean grOup (9), 

fa) Mote massive gneisses, such as might r«ult from the 
more complete motamorptiism of group (i), and (ho inclusion 
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of mure eruptive material which has absorbed and beamne 
intimately tni**d with the ptfeixislitig racks. 

Definite eruptive types, deformed by earth pressures, with 
a foliation structure often in conformity with the associated 
gneisses and schists of groups (i) and (a). The rock* of this 
groep genetalty show a family character over considerable areas. 
Ah examples wc hate the elatulitc-sy-cnitcs ar.d associated rocks 
of Coimbalorc (B), the great granite masses of North Arcot and 
Salem, the norites of Cocurg, the anorthosites of Bengal, the 
chornockite seizes which forms the larger hill masses in 
Southern India {4}, and the so-called ( dotne-gneiss ? which 
rises as bosses in the midst of group ft) in the mica-belt of 
Eihir (2), 

Thu nocks of group (3) are in general younger than those of 
the two preceding groups of J-rystflllinc nock, having attained 
lheir present position by eruptive transgression. As to group* 
{1) and (afc, not only are we unable to determine their relative 
ages, but we are by no means certain that they arc older titan 
the Dh-irwars, 

Ttie Ttagr- The rocks of the Dhflnrfit system arc generally quartzites 

km"'' 1111 ,J|T1 ^ fistic schists, chloritic, lalcosc, micaceous, and horn blend it, 
lire quartz:tcs often include much iron one, and all grades arc 
liiund between a quartris* with a few crystals of magnetite or 
hematite, and beds of almost pure micaceous iron-ore. Among 
the chloritic and laLcose schists there Are at times beds af pot- 
stone. And even the liner grades af steatite, indicating, probably, 
the derivation or soma of the maietiAi from the alteration af the 
for ronsagiiej ian.peridotic nxb af igneous origin . Similarly, ion, 
among live hornblciadiEc schists re|t« of true diabasic struelnrcs 
arc often preserved, a nd ran ny of the beds arc dou btLcss the res ulL 
of the alteration of basic lava-hows, while others suggest ash- 
beds. In fact, nil through these beds there is abundant evidence 
of igneous action, which is no more than one would expect to 
have been the case in the either days of the earth's history. 
Limestones arc cohlpAtaiivdy rare in the Dhlrwar system, but 
I hey occur Occasionally, and so, tesj, do true conglomerates which, 
notwithstanding the difficulty with which they are distinguished 
(ram autoclastic or crush conglomerate*, may he taken a.s evi- 
Llenct; Hjf real water action Eh L>hanr.1r times (B), 

The I JhanrAra have attracted A Special interest or account 
of the valuable minerals they Lnclu.de ; iron, ores in great rich- 
ness and purity in. the Central Provinces and Bcllary, copper 
ores disseminated at a particular hoi-iKon in -SinghhQm, and gold 
in the quartz reefs of Fi-ulAr arc examples well-known. 
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Upon Ibc weathered surface* of the highly folded IlJiarwiTS Tbs FV 
and the associated gneisses and schists of the Archaean group, 
enormous thicknesses of sediments were deposited in peninsular lion ui ib* 
India. These rocks being devoid of fossils, isolated occurrences 
cannot with certainty l>e correlated, and consequently focal 
names have been Frcdy used to distinguish, them. In Southern 
India we have the Cuddapib nysrenr, amounting to feet 

in thickness with several unconformities, covered, also nncon- 
formnbly, by a thin series of strata distinguished as the Kui- 
noaEs. Other examples of rocks of tins class occur near 
Kaladgi in the Southern MarasM country in the valley of 
the lihtma, near Mhal in the GodSvari valley, in the valley 
of" the Pengangff, in pans of the Mahlnadi valley, and in Chota 
N-Sgptir. Farther west, iin Central India, ate s^its of old 
rocks distinguished as the Gwalior and iitpwar sertes, and 
finally there is the great Vindhyan system, all being, unfas- 
sitiferous. 

A general suwey of these old rocks reveals a lithological l.nwer ind 
contrast between the lower fa which fetfuginoui Jasper ^Tafihe 

and parcellanitcs are common, m-J the higher bods rr, which P*rin* 
the TOCks are shaLes, Eimeslones, and sandstones, ntoie nearly JT rac P- 
rcsemblmg materials formed by later common proccase* of 
sedimentation. The lower beds are also remarkable for the 
inclusion of basic Uffidm;, which arc conspicuous in Lhc 
Gwalior series and in the Chcyar division of the Cudtlapahs, 

The Older division. thus represented by the typical Ihjawars, 
the Gwaliors, and the lower half of the Cuddapahs ; while the 
younger division Includes the original. Vi ndhjans, tire BhlrroX 
Series, the upper |>an of the Cuddapabs, and the Kcrnools. 

Local difficulties must naturally OCCltr En drawing ^ Cine Itesween 
the uldeT and the younger systems, and in the precise classifi- 
cation oF isolated exposures of rocks belonging to the Putina 
group; but SUCb difficulties arc the natural result of the 
conditions or sedimentation generally, deposition in one area, 
with a continuous record of beds, being contemporaneous 
with erosion and Consequent unconformity in an adjoining 
district. 

In Southern !:■.(] la a great development of ihc PuTlna strata The CmJ- 
has been preserved in the Cuddapah and KumtH)l Districts, 
forming a bassn of sedimentary rocks that cover some i 4,000 ryitcmi, 
square miles. Hie itrata within this bn$faha.ve been divided into 
two very unequal groups, on account of a marked unconformity 
between the lower 30,000 feet, distinguished as the Cuddapahs, 
and the upper 1,100 feet, know-, as t he Kuril OOl series. The 
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Cuddapabs are divided into four neries, separaled ftnm one 
another hy unconformities ; And it Is highly loanable that thf 
lowest series in the Cuddapahs, in which we find the peculiar 
ferruginous jas[Kri 4ftd jwccellanQUii beds, art (he equivalents 
of ih--e so-catLed 13ij£wars and Uwalioi-s in Central Indlh, ■whfl-e 
the upper sfiiftBof the Oddapahs and the associated Ktiroools, 
i n which normal sedimentary rocks occur, correspond generally 
with the Vindhyans. 

The Vindbyan system is conspicuously displayed nlong the 
great escarpment of ihe Yindhyan range from which the rock 
system derives its name, stretching from G»mi{Uh hill in 
Bhopal territory castnartb-eo-stwards to the anKient fort of 
Rohta$Earh j j' N. ; Bj" $5' £.), lire rocks of Shis system 
are promjnently itfndiione*, with subordinate bands of shale 
jmd limestone. Three of she massive sandstone!, known as 
the BamJair, Upper Rcwah, and Upper Kaimdr respec- 

tively, stand out GuflapiCiiMIsly wd determine the leading 
feature! of the main Vindbyan area. The system has been 
divided very ungiiually into a lower and an upper division ; 
and the Lower diikioa includes large quantities of material 
that appears Id have been ejected from vtkaiMKt, producing 
beds of siliceous materials which, when very fine-grained, hmrt 
y characteristically porccllanuus asjject, and wlitn its coarser 
fragments resemble some of the old Lure peart gjrtywAClteS- 
The Yindhyan system, notwithstanding ihe apparent suitability 
of some «if the shales and limestones for (lie preservation of 
fijssil remains, has SO far yielded no recognizable structures of 
organic origin, and its subdivisions ace bated on purely 
lithological character* tfi). The system is remarkable foe 
including rocks in which diamond* are found These have 
kin obtained in a tsand at the l use of (he Rcwah M(age JO 
the State of Banns, the horizon being apparently about the 
s^rne as the lbing-anapaUe beds in the Kurtiool series of 
Southern India. r E'hc most important product of the system 
is, however, its resources in lime and building stone, which are 
referred tu in the chapter on Mines and Minerals (Vail, III, 
chap. i:i). 

UnfdSsillferous sedimentary rocks occur in Upper Burma 
below the Lower Silurian of the Northern Shan Stalest Their 
age is unknown bur they had been folded and greatly denuded 
Ik fore lhc Lower Silurian bed* were depttiud un thefr up- 
l limed edges, and their general strike of fi.'ldrvg coincide with 
the schists which underlie them in the Ruby Mines UislricL 
Tht schist! in their turn pa^s into gneisses with which are 
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found various forms of granulates and crystall me limestones; 
and this Apparently gradual tmossiul is similar to the 
order so frequently seen in the Himltayas, an association 
of beds among which i| is almost impossible la mate out 
a time-scale la -distinguish upper flam Ipwflt, ur older from 
younger. 

The tl hfoasilifertiUs rucSt-s which occur so priMairiemly in ihe ftpuMt 
outer hills south, of the crystalline, snow-covered peaks uf the “'jj'™ 
Himalayas, illustrate the difficulty cf distinguishing belwovn p ul j^j 
upper and lower in a group uf highly folded, aftoi! inverted, s rau I* ir- 
on fflHsiLiferaus rocks, and the impossibility of correlating one |^| hl " a 
art* with another, which combine to throw doubt on any 
systematlc grouping of these strata. 

AttempfcS have been made to distribute the various occur- 
rences of these rocks over the recognized slralLgraphical simile, 

SI A lei and qoartiitea ih the DhaolA Dhilr region have been 
referred to as Silurian, white associated volcanic rocks have 
been classed as (Tarhon iferous, Permian, and Ttiassic. The 
well-known Blairti boulder bed. of the Simla area has been 
regarded as the equivalent oJ ihe Talcher and Sale Range 
frouLdcr-bcds of Permian age, while Ihe strata apparently abort 
And Apparently below (»Av« been relegated to higher horizons 
an the one hand and to Ihe CaibuniFcrous and lower cm the 
Other, The weak jJoimtM in the at^upnemts fw arid against these 
Ctwrelaiiohi are frM-ly admitLed by iheir authors^ and they must 
be regarded, consequently* as mere attempts to draw the 
simplest natural inference from a few significant features in 
lithology snd succession. There is one important feature, 
however, which has not received its full share of rocvignitiora : 
the fact that only unfossiliferous rocks occur south of the 
snowy range and crystal lire axis, while fosstliAirwR beds 
varying from Cambrian to Tertiary extend along the whole 
length uf the tinge on the Tibetan side, suggests an original 
difference between the two areas. Those on the south have 
A significant proximity to the [Hminsular Linfossiliferous Purina 
group, whose age is regarded as pre-Cambrian, mostly or 
wholly. That such old rocks. attended far beyond their 
pjeMtvt peninsular limits is highly probable, and they may 
be represented in the enormous thicknesses of pre-Cambrian 
Vaikritas of the Central Himalayan and Tibetan sone of the 
rattgG, Had the unfassiliferaus rucks uf the outer Himalayas 
been fanned during Palaco-aoic and ftfesoaoic tiinc-Sj it is 
haidSy likely that they would have uniformly escaped the 
inclusion of fossils which arc so abundant in the rocks uf 
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corresponding age in the Salt Range, m the north-western 
frontier, in the Central Himalayas, and in Emma, It seems 
tar more natural to suppose that a northern extension of the 
Puritna group has become involved in the HinUlayaij fotdiHgi 
while the heda oF the Peninsula have remained undisturbed : 
the reEalicns of 1h* younger Cond-wina? of the Darjeeling area 
10 thiwe of the Peninsula ate precisely parallel to this, The 
s uggestion is Lhus offered that the great masses of unfusEiliferous 
rcKilts, well-known in hill Stations like Simla and Nainl Til. 
the At toe It slate* farther west and the Biota aeries farther eastj 
should be referred to the Putina group inslead of being 
correlated with Palaeozoic systems. 



///. Cambrian and Pvsr-Camlruvt History of India 
A. The DjtAvtniAjr ftltA 

The oldest fossil ifera us strata we knflw in India arc found 
in the Salt Range or the Punjabi, where beds, aie exposed 
with, fossils whose- nearest relatives occur in the lower 
division of the Cambrian, the C^d«t fosailiferous system of 
Europe. 

The Undoubtedly Cambnan beds are found lying on a for- 
mation of peculiar marl with beds t>f rook-salt and gypaum, 
possibly of Terl ary Age, similar lo the salt deposits of I he 
Kohai area which will be referred to in describing the Tertiarv 
system of India. The occurrence of such old beds, lying eye^ 
mas-ics yf much younger material, is due puss daily to (ho furmcT 
having been thrust bodily over the salt-marl formation during 
the process of earth-folding- 

The Cambrian strata of the Kali Range may be conveniently 
divided into the following series, whkh Overlie one another in 
conformable sequent* ;• — 

4. HhiiyT'in'u-vIlB, rjT Sall-pKiklDTria t^jh. series. 

JaLaoii or > 1 a£ne>:in stud 1 tuiie seii-Hi, 

■i r KLtiuiiil, cm- l»J.S. 

t. KlbfiWra, or Purple ;j;.-LLnr.-: sr-jies. 

The purple sandstones are quite devoid of recognisable 
frails, hut they frequently reveal the ripplc-matts originally 
produced on the sandy shore on which they were formed, 
They graduate into the overlying dark-coloured shales arid 
cieam-colourcd d-alonutic rocks of the Neubolus veriest, which, 
by the fossils they contain* indicate the prevalence -of a deep 
sea. The Ncubolus aeries nowhere exceeds 3 50 feet in thick- 
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n css, but where best developed it is capable of subdivision into 
five zoncs^ in the uppermost of which the principal fossils have 
been found- Besides the bracliiopod genu* NcelaJm, which 
has given its name to the senes, the most interesting form is 
a new genus of the peculiar Palaeozoic crustacean suit-class of 
tnsobites recently •distinguished by the name Rtdihhia. This 
form was until lately mistaken for the weLE-knenvn Oltnrfh*i x 
a trilohite characteristic of" the lowermost Cauribrian (gcorigian) 
strata of Lunopc and America The nearest relatives of 
Rtdiitkid, as well as of the associated animal remain*, occur, 
howcYCT, in the Lower Cambrian elsewhere, and the Neobolus 
beds may con^^uentLy he regarded as the h«imota«ial equiva- 
lents of these old nocks (1). 

The next series above is a sandy cfolcuuiite with intercalated Mj^nataTi 
argillaceous layers, and among the few and imperfect fossils 
they contain is one resembling the peculiar mcLEusc HftfK?rh&a, SB u 
Salter, found in the Lower Cambrian rocks of America. Thes* 
beds gradually pass into the nest higher, and uppermost, of zor.c', 
the Cambrian strata preserved in the Salt Range, which arc 
remarkable for the preservation of sandy models of cubic 
crystals., evidently pseudomorphs of salt crystals left by the 
evaporation, of salt water before Ebe deposition of succeeding: 
layers of sediment. Here closes the first chapter in the 
geological history of the Sait Range : and berween these 
rocks of Cambrian age and the next higher, which are not 
oldtfT than Upper Carboniferous, we have no record of sedi- 
mentation in this area, though the interval was wide enough, 
for the deposition of three great systems of strata elsewhere, 
ana for the evolution of several new classes of plants and 
animals. 

For an imperfect 'record of Indian geological history during Piktotule 
the great interval hclwccn the Cambrian and the Permo-Car- cl ^ L 
bemifetons rocks of the Salt ftangu vre most turn to Other areas, £ 
the best known being a zone of folded strata Lit the Central l*ns, 
Himalayas, near the frontier of Tibet in the border tracts of 
Spili and Kumiun, 

The earlier records in Hi Is *one llAVO been obliterated hyTheVab 
metaraorphism but the great thicknesses of metamorphosed 
rock distinguished as the Vai&riln sysLem pass gradually up ;Up rX r 
into less altered sLtaia, in the higher levels of which imperfect inmltrun), 
fossil remains have escaped destruction. "Lhese less-altered 
old strata are, on account of the snow-clad mountains which 
they form, named the HataiGnin (snowy) System. The base, 
of this system is fixed at an hnrinon af congfomfrate* ivhiclt is 

VQj_ l V 
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exposed only in the KtlrtWUtt end of the ^one The conglo- 
merate scries -.s overlaid by greenish phyltites, sslatesj. quartzites, 
and grits vrjrli obscure fossil*. !:i places these arc altered by 
gramme intrusions. The Uppermost division of the Haimantas 
consists of alternating beds of quantfite and shale, with narco* 
bands of dolomiiic LimeiiWfws, which become more important 
at the suinmit. The siialy beds include sgvrral krilbbitea 
of I he faimEy Oltnidue, indicating an Upper Cambrian ^Fote- 
dajtiianJ age. The dolomitie limestones are covered by red 
slater and reddish-brawn dolomites, over which a, conglomerate 
marks the unconformity xepkirating the Cambrian from the 
succeeding Ordovician strata- 

The Ordovician is ^presented in the Kuffifiun area by 
a cor*! Limestone, while in, Spit i [his stage is probably not 
preserved, the lowest of the Silurian beds bang red grits and 
quartzites, with overlying shales and limestones, which contain 
fossil/,, like die Coral HnijiiUi feffnuiaria, Lmck., indicating 
an Upper Silurian iothlandiin^ age. The GothLandian beds 
ar?; overlaid by a grey limestone, which becomes reddLsh-brown 
cm wfeLfhen ng, but has not yielded fossils sufficiently well- 
presefved to determine its enact age, though from its [KM i- 
it is probably TJuYonian. Then follows tn conformable 
succession a Ibrniition which first develops into a red 
and then shades off jmo a white quartiilt, named the Mulh 
quartzite 

Over the Mufh quartiiie, where the complete sequence is 
displayed, as in (he Iijralt valley of Eastern Spiti, we find, in 
orderj, grey limestones with numerous braohiopods of Upper 
Carboniferous ago; alternating beds of limestone, shale-, md 
qu.-iTt/.ii e, with a thin band of conglomerate ; and a thick 
covering mass of limestone with flaggy sandstones and shales, 
containing brachiopodi arid fragments of A trilobtte belonging 
to the genu* Pkiltiptint Pbrtl. ; finally, shales distinguished as 
Lhc Etnesteffa shales, with numerous specimens of this and 
utlier Rrya&ni resembling sOsnc from the Ztwin beds of 
kashmir, and thus probably of uppermost Carboniferous or 
E’eniti ►‘Carboniferous age {$}, 

With these beds we approach the close of the second 
chapter in the, geological history of Northern India; for at 
about ibis horizon, corresponding to the Uoper Carboniferous 
of England, there is an important break in the deposition, and 
new conditions are introduced by a widespread conglomerate 
which forms the bare of the division of marine sediments 
distinguished as the Aryan group 
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Tbq only other .ireas within British India where fossil iferous IWniuL 
rocks of older FaLacoicric age have been found are in Cbitial 1,1 t ^ uilj 
to the west and in Burma for away to the cast In ChlElffll 
Devonian fossils have been found in jl limestone exposed: on 
the right bank of the Chitral liver, immediately Q^ne ife 
Reshltrt, where it seems to avcrLLc a red mudstone and a still 
lower conglomerate. The? hes| preserved of these fossils, 
include cufaTi and brodiioports, uf which the corals show 
Affinities with forms found in the Upptf Silurian of KngEand, 
while tho braebiopodis include forms like Orlhh ttriaiuta f 
Scld&Lh.j Spiriftr txtemm^ Sow.,, i rfitjnnftris. Sow., Atkyt-h 
fonccntrka, v. Bucb-, ami Atrypa ncfxra, Schtolb., whtch have 
Devonian affinities, some of them resembling Devonian 
brachlopods found in Southern Chin* (&}. 

A similar Series of rocks, amounting to mote than 3,000 feet lnlWTri*i 
in thickness in Kaz&ra, has, on account of its relations to the ** M:U *™ 
'['riassie Jock* in that Anfrsi. been generally referred to m the 
infra. TH as, 'Jlaese beds arc, however, almost certainly identi- 
cat with the rocks just described id CFutffi] : ihc succession in 
both aieas consisls of a coarse conglomerate at the base, totting 
unconformably on a great, slate series and overbid by red or 
purple sandstones and shales, with limestone above ns the 
principal member of the senes, I'qsslIs have jiol, however, 
been found in the Hasdra roefca. 



'Rock formations of I.o«er Paluooroic age cover considerable Oliler 
areas in the Slum States nnd in Kaienni. They am, hcrtWvtr t 
sc thoroughly covered with a coal of decOtfiposiEian products, jjurml" 
and often so concealed by the thick undergrowth of juogle, 
that precise information as tn their structures and palaeonto- 
logy is not easily acquired. But tsCnrvO Calcareous shales and 
limestones have yielded E~ki>ipi_f>kasri lVah!_, one of the 
peculiar stalked, cystoids so c^avacitrittk of the Ordovician 
Eystcin in liforopc and America, In higher beds OrfhMrmr t 
trilohites, and graptol ilcs have been found, and, with tbc last- 
named, a form of Ttntaiufites closely resembling the Ordo- 
vician form J'l ttegaitt, Ifpri. 

Uevonian beds have also Imcsi TCQjgnLiod containing, with 
Other fossils, the unnaistatable and characteristic coral, 

Calaafa saitAaifna, Lam, 'J"he pjedom macing tuck in this 
lyuom is A limestone, distinguished as [be Maymy* limestone, 
which extends, Almost without interruption! from the neigh- 
bottthood of Maymyo fo the Salween rivqr in the Northern 
Shan Stale*. 
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IS. Thi: Aevan Ep.1 

'Hrt Cm. The changes in physical geography which occurred towards 
En' an 'su"- 11 ^ [ ^ ,e CarbonLEenjiis period aye marked by a wide' 

cessbn. spread CDfiglumertue in Spili and the Bhot Mahals of Kumaun. 

This conglomerate farms the basement bed of A gTeaC series of 
strata which were Said down successively, without a sign of 
interruption or break, throughout & period totrtspr^ding U> 
the whole nf the Permian period and the succeeding Mesozoic 
era Of Europe. The beds thus formed have been preserved in 
a zone tying |fl the north of the cry^t^LSrne Snowy peaks of the 
Central 3 Eimi'dnys's neflr the boundary between Tibet and 
North-western India. Recent observations in Tibetan territory 
to the north of Sikkim show the eastward continuation of the 
younger fovsiliferoes Strata of this series, which rest abruptly On- 
line northern flanks of the crystalline axis,, and probably cover 
the older beds which happen to be en posed in Spiii nta.cE 
Kumaun 

TreipsiAflf The form of physical revolution which gave rise to this great 
ccnsiS" aeries of strata appears to have been ah, eastern trespass of the 
Htu, Eurasian ocean, whose southern shore apparently coincided 
with Lhe present line of snowy peaks, while an arm stretched 
into the Punjab as farjs the Salt Runge, Thus commenced 
what may conveniently be distinguished' as the Aryan era 
in Indian geological history. The great: central ocean above 
referred to, known to geologists ns T^yt, flowed. eir-er a be3i 
stretching across OcnLr.il Asia, leaving deposits sn which the 
fossil non-tents of places so widely separated as Burma., China, 
the Central Himalayas, Siberia, and Europe show the marked 
affinities due to free migration In the ocean. 

The vary complete scale of conformable strata preserved in 
the Central 3 1 imaLayas attains a thickness of some y^ooo feet 
from Lhe Basement congloiateratc below the Permian calcareous 
sandstone to the top of the Chikkim shales of Cretaceous age. 
T"hc Permian 'Productus shales' pass up gradually into bed* 
which frnroefu^e Instate conditions through successive zones 
charactcrired by the genera of ammonites, £?Avmrr, Opkifimiy 
and M&hxtKift These arc followed by bed* vriih fossils 
$0 unmistakably characteristic of the Trias that the different 
Singes recognised in Europe a« be apprOa i mfttety dehncii and 
divided into zones. The Triasssc rocks arc followed by 
about x t Son fact of Jurassic sLrala, among which occur the 
well knoTvn Spiti shales, now known as far west as Haallta And 
ns far tail an Sikkim, 'the Spili shales are covered by the 
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Eiinditanc end the Unfcssilifcrous Chikkim scries, 
which resembles the flyfidi depocsiis so frequently found in 
Ofctaceous and Ijo-wci Tertiary formations (&), 

One of the moat intenMi ng feaiuies in connexion with the 

or the Central Himalayas is ihe MeuhferiCfi in lIh- “ 
Kumaun section of numerous blocks of older rocks, mainly Htmi- 

limeslonei, lying on the Spiti shales and the fliumtfl scries 
without apparently any regularity of distribution, They arc 
weathered inio picturesque crags, rising in abrupL pinnacles 
Vith phstipi tons walls, and on account of their comijotition 
(often brighily-colourrd, sumi-crystalline limestones) they stand 
tp Strife ing contrast to the more sombre shales and sandstones 
forming the undulating country around. At fust sight they 
recall Ihe KUppen and Jafufet&t-x r?'r mvuvmutttf y *r iAvr 
of the Alpine regions in Europe whose origin has 
lyeen. the subvert of much controversy, In Europe these erotic 
blocks have been supposed tOobtein their abnormal positions 
by being shorn off from highly crushed anticlinal folds, or by 
the removal of alL but these fragmeisti of enormous recumheni 
folds, or by faulting {10}. Whether any or all ijf Hie theories 
employed to account for the ALpinq exolre blocks arc satis- 
factory appears to be far from ^Kt-d \ but the Himalayan 
Citampte* seem to admit of a very simple explanation- They 
are always associated With igneous rocks, which arc often 
amygdalotdal ami otherwise generally agree in character wiLli 
igneous rocks of surface (vokansc) origin. In tliese lavra-flaws 
the exotic blocks are buried by Ihe hundred and arc of various 
sizes. They are not only older than ihe Jurassic and Cre- 
taceous strata they rest on, but belong to a Ibcits either palacon- 
tologically or lithologically foreign 10 ihe rocks off the same age 
in Ihe Central Himalayas, They hare thus tonic from a 
distance j. and there being no signs of -volcanic necks in the 
neighbourhood, the basic lava-flows in which they ftre em- 
bedded must have come from afar, ELkq the flows characteristic 
&f the so-called fissure- eruption, carrying with them their load 
of Stratified rock? torn off frohft various horizons of die forma- 
ikitw occurring in the area of eruption. It is assumed, for 
several reasons which need not be discussed here, that these 
exotic blocks belong to formations occurring farther north In 
1 ibc-t, but political reasons have hi therlo prevented the explora- 
tion of that country, and as a consequence thi* theory of the 
Origin of the exotic blocks must remain for a time unverified; 
to establish it firmly it would be necessary to trace Lfie blocks 
to their source, and to show that the fragments cf basic lava in 
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which they arc embedded are opllicrs of lava-flows farther 
north, A* a fust sample inference, however, from the facts 
50 far available, the CspLanation just offered is, among' the 
1 1 iconics which have been considered, (he one that offer* least, 
difficulty, 

TiisTof Central Himalayan area i? exceptional in possessing 

Lhc 3^,Iiri- hT compete and unbroken succession of si rata. As 

jib, Lhc a general rule we find the Permian arid Triassic rocks [inked 
together, as in the Salt Range, OH the North-western frontier, 
Flintier a nd in Kashmir, while in other areas the Upper Jurassic and 
F™g^ Crclaeeous. rocks are associated with one another. It will 
' ' there f&TTJ be convenient |o notice the other occurrences in 
approiimately natural SUb-groups* beginning with the Peraio- 
Trias of lb* Salt Range, where we have the nearest approach 
t* the remarkably complete succession of the Central 
Himalayas, 

Tile salt The first chapter in the geological history of the tialt Range 
closed, as already explained, in lie Cambrian period, between 
which and the uppermost CnrhcitiferOus no traces of sedimen- 
tation have been preserved in that area (11). The second 
chapter open? with the- remarkable boulder-bed which rests 
unconfonnably on the Cambrian strata. In its euastial 
Characters 4 ' as well a* in its stratigraphies!! position, this 
bouldet-hej corresponds lo, and is probably Contemporaneous 
with, the Talchcr bou Ider hed At the base of the GoftdwStwi 
-■system in the Peisinstila, On it, therefore, we have two great 
systems of strata developed; that in the I’cninsuEa was formed 
in the river-valleys of the old Gondwi.1 na continent, while 
the beds in the Salt Range, now to he described, represent the 
deposiis which wctc [aid down r( about the some time in the 
Adjoining ocean, 

I’cnimn The boulder-bed of the Salt Range, like that of the Talcher 
toul.ift- ser j ejfh has peculiarity of being composed of a flnfr-grained 

silly matrix with included boulders of varying siw up to several 
cubit feet. Many of these are faceted and striated in 
a manner which agrees with the general characters of the 
fonnanon in jjointing to a jjlacisil Origin ; and several of them 
prove to be identical with the peculiar lavas we find in 

the Malkini scries, on the western ilaciks of the ArSvalli range, 
about 750 mils to the south. The gladal OTigfn of the beds 
is shown alsohy the exposure of typically ice-seratchod surfaces 
M the rock* they rest upon. 

The fossils found in the beds immediately associated with 
the bouldcr-hed show a Carboniferous facie*, having tioticeahte: 
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affinities with farms iwcurring in the Upper Carboniferous 
marine beds of Australia* to which area the same great ocean 
apparently extended. Among the identical species in these 
two widely separated areas 416 Evrytftsmi gbfb*tu#t r E. tliipii- 
(sm { H, wrdaiuiu, Cmularia tan'igat^ C- UnniitriaiOf Ph.ur^td- 
maria rtuda, and darwiftL 

T he tieds ovctlyinR the bouldey-bcd introduce a change in Speckle 
the physical geography which commeqiiWI with die retreat of the 
Australian ocean, the development of an are* of internal 
drainage unfavourable to life and to the preservation of organic 
remniofl resulting in the deposition of about feet of 
And purple sandstones and shales with gypseous bands. These 
beds aye known as the Spttkltd Sandstone ssnes. 

Further developments, in the local physical geography re- pradueius 
salted in the gradual encroachment of * western ocean which 
opened Up marine communication with the lSurOJiein area, and 
gave rbe to the formation. of * system of fossil iferous nocks, 
mainly limestones, which, on account of the ahundanee of a 
genus of hfachiopodsj is known as the PrwiitctnS Ltrntitent. 

The lower beds are sandy and coaly in the cast, but become 
more caLcaicous towards she west, that is, a> we pass out to 
the deeper sea ; and as we ascend in the scries we lintf the 
encroachment of the sen more completely established, with iho 
production of purfr Limestones^ This lowest divisii'sin of the j,^ eT 
Products limestones is distinguished as the Amb scries \ hud jj [1|tlt(Mli 
some of its fossi ls show great affinities with those of the Gshc- 
lian stage of Russia and the Fusulina limestones of the Carman 
Alps, strati which ate regarded as Upper Carboniferous in Age. 

Many of the species arc found also in the Artinstian (Permo- 
CaiboniferOttsj- and in even younger stages in Europe ; but the 
fact that most of the fossili belong to the clss* or hrachiopods, 
whose ispecie*, ofl account of their stariunary habits, kure a 
wide verticaL range* prevents the more j?rec>§e cuirelalion 
which would have b«cn possible if the animals had belonged to 
migratory forms bite the cephalopoda which we shall find to 
predominate in the Trtassic Udfl overlying the IVoduetus 
limeuonee. Among die lwachiopods characteristic of the 
beds, Or Lower Rroductus series, are Pnsdurtm ftnetitas, ’tVaag., 

A roni} d'Orh., P. ipimEiy Waag. F P, umirtiiailatui, SchL, 

Atkprii rvVtw, Leo,, Spsrijcr m&rWiiii, IVaag,, -51 alatvs, Schl., 

Jlfw/ittia j*fa&ra t Mart., Pctinifafia linta/ii, Mart., Orihiipetaiii, 

Mareou, and Ri( Ahtfeata IVaag., the last-named being 

OB* of the peculiar aberrant forms of brachiopods which also 
abararrpTijr beds of this age in Southern China, an area to 
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which this great Eutjisian Mnn extended in I'ermc-Carboni- 
Serous and Permian times. 

The middle division of die IVoductu? limestones forms * 
IhrifHenie ® ar il c an ^ conspicuous fraction of the whole formation, being 



characterised by the prevalence in it of mote exclusively 
l J ermian fossifs. lie younger age is, .also marked by the 
appearance of fonns h like the larrielli branch Oiytintia, Meet, 
not known elsewhere below the Trias* and of Nauitius pm- 
A r n'ff«r, which has a near relative in the Jurassic strata of 
Europe. There arc three well-marked palaeontological itaiea 
(h this middle division. The lowest of these is characterized 
by the survival of the furaminiferal genus Fusuima, l^sch.* 
which, with its relative Sete*6grri*w t Moll., attained mn enor- 
mous development in Carbonifirrous- and Permian limestones 
elsewhere. The central jone is distinguished by including the 
jjeculLar brachiopod /.yiti>ui,i nr^r/rj* Waag. The occurrence 
of the cep3j;i|upod XrftedistHS [Xe/uu -pit) iurbon&ri»i in the 
uppermost zone of this division of the I'roductus limestone f«r 
mation indicates a greater affinity of rbe series with the Triassic 
beds than would he supposed from the fossils mentioned above, 
and it is possible that a re- examination of this interesting 
series of beds will place it on a level with the Etch stein of 
EuroiWt 

□nr^r The upper division of the Eroductus limeitnnea ahewi still 
!!™buoci. l ^ e -approach of the condition* characteristic. of Mesozoic 
times by the appearance of several forms of true ammonites- 
with complreaied sutures. Prominent among iliese x]j&tics are 
Cjfktp&us Wjt*g„ Afntju-rffia Wytmtiy ^"aag., and 

Ex phi. muf rW/arf, Waag., which predominate in successive 
iones from below upwards in this ot^er, 

CjMilunl As in the Central Himalayas, so in the Salt Range, there is 
IcTrr^ 6 a perfectly gradual passage from strata which are urKpiesriun- 
f'erraian 1’ermian up to. beds which contain *n essentially 

toTiiai^c, 'l -Hassle fauna. To dm* a line, therefore, exactly twrespond- 
tng in' the base of the Trias in Europe is as difficult as it is 
unimportant t the main point 10 esiablish is the fad that the 
perfectly conformable passage is accompanied by the gradual 
replacement of typical Filaeczotc forms by characteristic 
Mesozoic fossils. Within a few feet of ihe beds contain i ng 
the highest remains of the genus EHtrrepA&r, w c meet with 
limestone containing traces of ammonites t and from this 
horizon, up for over i<ro fetsl, in a EypicaL section near the 
viTllgn of Chidcru fj* 0 33' |f r ^ jt 0, $</ E.) in (he western 
part, of tbe Salt Range, we find beds in which the character- 
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istic Trijssic ammonite Certitsfti, Haan, occurs so abundantly 
tliat its name his teen employed to distinguish Ihq whole 
series 1 131 . 

According 10 the predoaminiimg rock, this series can be 
divided into four lithological stages and five placontokig'CJil 
itinest, as follows: 



■_ (Jjijicr CfTilin [Lines'! tines 
4. OrptHe samlMnees , 

| Ctritjip iDiris t H 

It laiwer C^rilite ILnvtflp&ei 



Zkjne nr SftfJuitifci lu/trirti. 

Zone of f-TirnttogiU ■ fishiiwrivniii, 
\ Knn* nr A'cmmtfte! vefttiltfr 
t ,, m i'li&Hsioi-us 
Zone- of Ctiiiiii if- 



Of these, zones r and a Ant difl racter iied by the frequent 
occurrence of Ihc genus AfttAwtrcu, Hyatt, and *oncs 3, 4, and 
5 by the abundance of fossils belonging to the genus Hedin- 
siretmia, Waag. Palaeontologies I iy, therefore, the beds htC 

capable or division into two stages which correspond approifi- 
matety lo the beds In (he 'I'rLa* of (he Central Himatayws* 
where AfuAxsras is found associated with Ophictr&i and 
Qttiittisi in a series of limestones end shales, which are in turn 
covered by further teds in which Crratitts Ls welt represented 
with, as in the Salt Range, FUmingitts Waag. 

With the Cffitite teds, whh+i ate, approximately equivnleh! to 
the Lower Trias of liuro[te p (lie second chapter oF die Salt 
Range closes^ and alt younger records, representing the 
Mtuchetiulk, the Upper Trias, and the two- lower divisions of 
ttve Jurassic system, have, if they ever existed, heCrv completely 
removed, 

EnpOtUTtS of teds belonging (0 different pairs of rhe Pernio- rsrmo- 
Trias so wcLL displayed in the Salt Range occur at different 
points farther nOfClir In. (he Eanno T>istrici, foe instance, a-w^era 
boulder-bed with scratched and laceted boulders, like the ■ r ™ nAlCT ' 
well-known occurrence Of tile Salt Range,. occurs covered with 
limestone containing fossils oF 3 J ermmn age. In this area 
the Triassie Cerit£t& limestones also follow in. conformable 
Succession, while the iVias is likewise represented in Hazara. 
Permian limestones- with fossils like those of the Product us 
limestone series have teen found in Chura and the liv^r 
valley, but the Palaeozoic rocks are apparently covered up by 
younger lormations south ef (he Snfed Koh (13). 

The Permo-' Triassie series of Kashmir have a special 
interest, cm account of the occurrence of remains of (be 
Lower Gnrsdwlna plant Gungamtspitrii associated with 
those of typical Pcrmo-CaTbooifeioiis fiahes and labjrimbo- 
4onta (10). 
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TTie Trias Perhaps the nearest approach to the remarkably complete 

ui lEaiTdia, succession which we in the CcnLtal H imabayas es fumishetl 
in Havana, where a setluervee; complete but ffir p local uncon' 
form it/ between the Iwo lowest systems, extends from Triasaic 
through, lurassii: and f- reta.ee qu a to- the great NummutLtic or 
eocene formation. The Triasaic nocVs of Harfra rest un- 
co nformabEy on the Devonian or so-called u^/ox-Trias, 
contiiimy of some 50 10 too feet of acid felsitic mateital {pro- 
bably of volcanic origin and associated, with a pisollttc 
hematite) nt the base, followed by a limestone formation of 
from 500 to r,ioo Feet containing umi other 

eliarjcteriMLc frails ( 14 ). 

l-ermn- In the Tenasscrim Division of Southern Burma there arc 

t’nri>L'T LinseRtones from which a few fossils have been obtained, having 

ofUu'jniv affinities wiili die Carboniferous limestone of Sumatra and kss 
intimate relations to some forms- occurring tn, the fioductus 
LimeKione of thd Silt Range, So far an they go^ the fossils 
indicate approximately it I J ermj>Ctttt>an.i fergu a age. These 
limestones arc associated with a series of shale and aindsicme 
beds, distinguished as the Moulmein series^, which have a Cota! 
thickness of about 5,000 feet and rtst On another series, the 
MerguL series which consists of some ta.ooo feet of unfossitE- 
fcrOus sandstones. griLs r and almks. Limestones similar to 
those which are fossiliicious in Tenassifrrim are found east of 
ihe SaLween river, and farther north in Karen ni, where they 
have yielded a number of fossils, chiefly biaehiopods, like 
Alhyris, Aftftirifc;, and Spinfii-iNtt, belonging to speclca 
closely related to forms known in the Productus limestone of 
thu Salt Range. South-west of Hslpaw (Thib»w) also, in the 
Northern Shan. Sidles, limestones hive been found with the 
form fumfina, which is so common in the Carboniferous and 
Pec mien fotmaLions elsewhere. This arm, only recently visited 
by the Geologic?) Survey, promises a geological record which, 
from, its geographical position between the standard strati- 
gra phieal scale of Northern Indi a and the Palaeozoic formations 
of Sumatra and adjoining areas, will be oF unusual value as an 
index to the physical geography of the Indian rcg'.on in 
ltalaco-xoic limes. 

In the gorge of the Subunsln rim in Assam numeTouS 
boulders of limestone ifid sandst&ne have buun found, in- 
cluding fossils of Lower IVoductus Limestone aFhnitiw, hue 
Ihcsc may possibly have been brought front the Tibetan 
plateau (l&). 
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The Jurassic sysk-m ft welt represented in puts of Western The fu- 
and North-western India. The so-called 

oF liflliathistarh, which is several thousand f^et thick and forms L in jiidibc 
many conspicuous peaks, such as the Taltatu north of Quetta, jkon-Licr 
and the T&lcM- ESulaimn n, is of about the same antiquity u ibe 1 '•" fir ■ 
oolite of England, The fossils from ils uppermost strata being of 
caLkivian ago- The massive limestone rests eonfomiahly on a 
great thickness of shales and limestones corresponding in age 
to the Lias of England. A somewhat simitar Succession is 
characteristic of the North-tVirst Kromicr E J rovincc, where, too, 
there are coverings of Cretaceous find Tertiary strata, with 
generally unimportant interruptions in the strati IjcatiuTi- 

A traverse of the country birtwefco AlT Ma^jid En the KhybtiT 
Pass and the Rsdhah frontier at ShinawAri covers repfe^errtalEvcs 
of every system from the Tertiary to the Carboniferous, nnd 
some older altered rocks oE probably l-ower 1'jdaeooioic age. 

From the Ban valley south to (he Santana Tange, (lie 
Palaeozoic rocks are covered, the beds en posed being: cithcT 
Mesozoic or Tertiary in age, thrown into a series of folds with 
a tendency to inversion over to tho south. This gives the 
northern slopes of the ranges a Comparatively gentle inclina- 
tion, while their southern scarps arc steep and rocky. An 
example is furnished by the Cretaceous and Jurassic rocks 
which form the heights of Dargni, rendered (amctUst hy the 
engagement of October ao, i5y7 t when the British suffered 
the laedcaE disftdvAhta^e £>f having to tarry tlv-e scarp 
f-ncc (13). 

In Northern HazJra there is ao exposure of beds precisely 
similar in lithological character And fas-frl contents to the 
remarkable Spiti shales of the Central Himalayas, and they arc 
coveted, lOO, hy flyschdike beds identical En character with the 
Giumal sandstones of Spiti Hud Kumatin (14). On the other 
hand, Jurassic rocks in Southern Hazara present a fades quite 
unlike that of the Spiti shales, being more cnlcnirCuts Atwi 
sandy, and generally mere like the Jurassic rocks of the Halt 
Range (14). 

R-trmains of formations depended in Upper Jurassic and Junn-dk 
Lower Crctaoeous times are (bund exposed in the region west of Cutch. 
piwi north-W^st of the Arllvalli range — in Llutch, in the Rij 
putina desert near jaUalmtr And Rrkaner, and in the- western 
pan of the Punjab Salt Range, These hftve been most com- 
pletely examined in Cutch, where they attain a development of 
over d,ooo fttr, ranging from a stage ahout equivalent to ihe 
hathonian (Middle Jurassic) of Europe, through ih* Upper 
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Jura<&k f to the neocomlan, without any decided unconformity. 
These rock* have been divided into four series distinguished 
by local names as follows l — 



Ur.i.i 
Katin] T 

Chari . 

P-a Lukins 



l'callmiddan trs NrorenjnLiii, 

U- n^fanliia mr] KLmnuridfiia. 
CaPoviar. and L. Daibrdiaa. 
IlisotiniinH, 



Jumi-sic 
orf JjI.j. 1- 
BQCr. 



JuimiIc- 

(if llie Sdl 
]l=a|;c. 



"I he great mantle of sand wh ich has spread over RiJ-purtlna 
during recent limes effectually conceals large areas of rocks, 
intchea Of which here and there peep through ; hut r being 
isolated, they cannot l»e greeted with certainty oneept where 
they oto fossil iferous- In the ncighbtHirhHiod of Jaisalmer, 
however, i here are highly fossiti Cerous limestones which include 
many Forms identical with Ih-OsC characteristic oF ihe Chiri 
series oF Culeh, and these arc overlaid by other series cons ist- 
jjjg of 'mnds tames and limes-iones which have yielded fossils 
resembling; those of the Culch Katrol aeri& We thus haire 
proof that the sea extended so far eastwards during Upper 
JurassLC times. 

Fiom Jaisaltner to the Halt Range, where we find marine 
Jurassic rocks again, is about miles due north, the whale 
country between being: completely covered with recent jllmrial 
accumulations, In the Salt Range, nc hftvc, as already de- 
scribed, an uninterrupted succession from, the Peiroo CaThonb 
felons lu liOwCr Triassic lime*; then an interruption occurs, 
and. the next For mat Eon preserved is of Middle or Upper Ju- 
rassic age., These strata are dcvdnjjed in the western [tart of 
lEie Salt. Range catending to the Indus, being exposed again 
further west lo the ChiLrhSli (Maiditni) hills ji' N. ; 71° 
n J E.)anJ in the Shetkh Budln hills (32° i&' N. ; 70° E-). 

Small patches of coat occur near the bast of the series; and 
for the rest it consists of an afternation oF conglomeratic sand- 
fiWFiffi, Shales, and EumcHtonci, (he last-named being especially 
developed in the western exposures, Two less usual for- 
mations are a bed of hematite and layers of a peculiar 
golden oohte, similar to that well-known in CuKh. So far 



M they hare been examined, the fossih correspond with 
those of the Chari and probably also of the higher series of 




narrow encnoaohmcnls of the sea which took place in 
limes on I he Peninsula were extended during the Cre- 
perind, and especially in ireuunianfetn times, when pro- 



GEOI.QC'Y 



»] 



77 



found chnngcs occurred irt the physical geography of the earth, 

Kelic;9 of this Cretaceous transgression of the ocean, preserved 
on (he Coromandel roftSt ofMadras and in the Naihadl vulley, 
are wclUcnOwIt examples which nifty l>0 eonvenicnlly selected 
fc?r speeiaL notice- 

't'he best studied of these (Marine formations is that tepre- Cmmmiv 
jrenied by th ret pattfws on the Coromandel COMf, where, by 
a very narrow accident of relative Level lielw-ecn sea and land,, 
we find highly fossilifiirous rocks which have made a contri- 
bution of inestimable value to our knowledge of marine zoology 
in Upper Cretaceous limes. Situated as a sort of half-way 
Siagc between the Bacific and the Allantic areas, thro rOWi, 
which wit immersed Co a very smaLl depth, formed a home and 
final resting-pliL'e for many animals which migrated undcT stress 
of competition from one region to the other, marking out their 
route, Like the old East Indiamen, by wrecks on the southern 
coast of India, in Natal, and on the west Coast of Africa. The 
fossil remains, include many forms which appear to have flou- 
rished from Brazil right around the oceanic belt to British 
Columbia, together with others which modified themselves to 
develop species peculiar to the conditions in various parts of 
fhe Cretaceous sea. Supjiusing a few foet of elevation in Creta- 
ceous times, and no shells would have stranded on the shelving 
teaches of (he Coromandel coast ; o similar amount or depres- 
sion in recent tiroes would have hidden die debits beyond 
(he reach of the geologist . AS it is* the Hindi paielies of strata 
on the eastern coast of Madras form a little museum of Creta. 
ctous roolcrgy, in which nearly a thousand species of cwti (Wt 
angmals have been recognised; and, hy the inclusion of many 
cosmopolitan forms, they permit a .\k ixwrelalion of ihesfi rocks 
with those in many parts of Europe ; Syria ; ihv north-western 
borders of India ; North, West, and South, Africa, and Madftgpi- 
car i Btuih the Eastern, Central, and Western States of the 
American Union ; British Columbia ; Japan -Sakhalin ; Bor- 
neo i ati4 Australia {lj. 

The highly fonlliforous CrcUrtOtW rocks of the Coromandel c . hi ri1 ' 
coast form three small patches separated from one another hy ' rfa _ '** 
the alluvium of Iho VelSlr and Benner rivers, and by the sub- 
recent CuddalOTt so ndsionL-s. The largest of th*- 1 three patches 
is in Trtchinopuly District ; the olhtr two arc west of Cudda- 
fofc ar.d north-west of Pondicherry respectively. Thty res 
the eroded surface of the old gneiss, nr unoOiiforniohly on 
Upper CtHidwana beds. 

The fossils show a range in age from Lire lowest 
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spending with the upper greensand {cenomanian} to the danian- 
I'he strata unfr divided as follows into four stages \ — 



TSliNsiVljt STACK , L?irf[i icpecinKm, af AiriHta, ' Djtieid. 





A'flwJffiw, &c, with ir.r.n y 
nj)*eiis.l3t 0 r- 
AT.-Wriit ,, filLinu tne riisd mi- 
ni l of large ns. 






.'ViitiJ d7»; hJuuvilt, S.:hloth.. 




AllBV.U.uk STAtE . 


Tri£ottearca jffiAfri'."(r, i.l'Ort-, 
*trj ri|jBnd*£|i . Oth*r cam- 
mon fornix are Ntntadh>ari‘ 

fff.'ff, i! H.l- L'. , V.'.tMV.'L'.-rru fn£- 
.'rn.'j, >'urh. r £xifiyra, and 
A Jert7jwnfa. 


Upper Sdniminii. 


TfclcHINOPOLl' STAC* 


(lij Jirrit of f'uT-.ruftttrw.- Id- 
imrJirWtt, PUnf, 


Ijswer Senml^n. 




la) ioiie wf JtotyJnr*/ *G- 
ftrautpiui, ITnnd. 


Tiunim. 


U-3-.vrCk srao" . . 


O ) L'.-Ti n * ctf ,1/ □ :u ut iff ci ra m c. iffa - 
fNJ, £tol. 

(i) Teat cf j j f™iff^(v-rrvr/ nrw- 
UiKy 

(*1 ‘/(wt «f .MAwivAsiriia 
i.n/liZte. So *'. 


CmumAiiUn^ 

, 



TTifUHirir The lowest of ihcae atagea, distinguished ‘by the tunic 
KDEt U(a.tQst, is only partially covered by the younger Iseds, anti is 
exposed &k a wide l>and along the western border of the Tri- 
clii<^cr]3Q]}' Tretaccuus paSeh, Ils ba« is generally a ixn^l red" 
limestone ; liui il'ie principal pari of the series consists of fine 
silts, ntkareuus shales sandy clays, sands, grits, and some 
conglomerates, The fossrls include fraguienW of eyeadaceou* 
woods, often bored by molluscs, with a rich assemblage of 
marine forms generally indlaUlng, by their nature and mode 
of preservation, a littoral habit. Xear the base of (be Ulatur 
stage occurs the common lower Cenomanian ammonite Sthlacu- 
iitjJata, Sow., a species characteristic of this horizon in 
Europe, West Africa, Brazil, Australia, California and els#' 
where ; but more especially of S he Cretaceous rocks of the 
Atlantic province. The majority of the fossils are, however, 
near relatives of, or identical with, those found in the i'acifc 
province. In the higher t«da there is a rich Acatt fAtveras 
fauna, including the world-WLdc form A, rhatoNwgrBir, Brung., 
Found also at various places in Europe, Syria, the Caucasus, 
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Ptreij, and the regions bordering The north west o( India, 

Japan, South, West, and North Africa, and Madagascar: in 
this zone, also, TurriiiteS iirong,, and Akdrywia 

Lam,, agree an indicating a middle and ujaper eeno- 
rcumian age. 

The uppermost atones of the L'LalQr vLagc mark the com- 
mencement of luronlan cond-iiions hy the appearance nf the 
characteristic lumellibranch Irtvctrvinut ikhlolh., 

and of ammonites related to the European form MtintmteS 
Hpd&foiJft. 

There Fs a slight tareat between the Utalur and Ihe rue'll TheTri- 
overtying Trichin opoly stage, shown by a straLLgr*|jhica] un- ^"“J 101 ? 
conformity, as well as by a considerable change an the fauna. 

AniOPug tliO Trifhinopoly beds there occur typical relatives of 
P&tJiydisnts- perampitis. Mint., an amm unite characteristic of 
iho lower <;L\alk of England, and of the corresponding, horkon 
in many Other pans of the worid, mtiguag over the Atlantic 
province, and in the fad fie area as far as Japan. The higher 
Tt- chine, poly beds mark the incoming of a Leaver seruantan 
fauna among tire gaiUopods and lamellibranchs as well ^ 
among the ammonites. Thus the genus Sfftiefrt&aehi^ Neum., 
represented in the lowest Utatilr beds by lY. isi/ialu^ How., is 
hero represented lay the tn^ritiaii} ty;>e- 

Then follows the Ariyalnr stage, covering a turgc area on the Tta Ariyt- 
«st side Of the TrichinopoJy patch. A point of peculiar in M'r* ti e t 
terest En connexion with this senes is the uccuirence m it of a 
tooth and some dl-prcscrvcd butacs of the dinosaurbin Megal 
AtKJTnji, r»etnblihg M ■ Bvtkfatodii a w^H-tiaown form front the 
StonesfscLd slate, belonging to the hathoman stage or great 
oolite of England, and thus much older than these rocks in 
Southern India. As this genu-s jy mot known above the neo- 
oomian in Europe, wo have another c sample of the class, so 
well illustrated lay the Gottdwfiita fossils, showing the different 
rates of development which meur in widely separated bnd 
areas;, cut olT by sea or by Ollier physical SmtrierS from one 
another. The most important eephalopods in the Ariyalflr 
beds atc the upper SHlonian specie* of JWfy&Uai and Btrfu- 
Itits, B. 3 ' orb. , bcipg csynNiaLLy characteristic- Ap- 

parently this series k also rejit*jerited in the Pondicherry area, 
where, as in TriehlnopoLy, the next and highest stage Li also 
preirtvetf, 

The Ninniyfir bed* at* imhnnteEy reluted to those of the The 
AriyaJtir stage, but contain a fauna sufficiently characteristic T' 1 " ir h**- 11 - 
to pci in it their correlation with rim durian stage of the Upper 
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Cretaceous in Europe- Thus the disappearance of ammonites 
and other characteristic Mesozoic fortm fcruhidm the faunal 
diameters which distinguish thy approaching Tertiary period. 
"I"he characteristic form, Nmftiws daisitu^ Schloth., makes its 
appearance, and the only oitier genus thftt requires mention to 
ensure the Mesozoic character of the heds is the gastropod 
Nmttsa, Deft-,, whose name is u^d tt> distinguish the highest 
bed* in the Efandich^iry urea. Thus closer the most complete 
fragment of Mesozoic history in peninsular India, the only 
record we have of the life in the seas washing the Coromandel 
coast when the Mesozoic era was approaching its close in 
Europe. The Cretaceous sea, width left such perfect samiiles 
of its inhabitants on the Coromandel coast, also stretched 
north-eastwards as far as Assam : and there, on the margin of 
a mass of old rocks which fanned a pent of thu peninsular 
crystalline gneisses, it deposited limestones, sandstones, and 
shale beds, containing numbers nf fusils idenihsil with die 
more completely s<udu?d fannAttofis in Southern India, 
riifli htfV The; tucks <if corresponding t.'reiaceoiia age on the western 
coast are known as the High beds, which occur in the Narbada 
valley and separate the Deccan trap-flows front the underlying 
Ancltaean gneisses. Home forty species of murine animals 
have been identifitid in these beds, including a few cosme^ 
politan forms wliich show a specific identity with thou* in the 
Coromandel beds, but many of them arc distinct types mani- 
festing a greater affinity with CfStMCOUs fossils Frocy Amhirt, 
I'alrstme, and Europe, areas which were eov«rtd by the same 
great ocean. In KAthilwir some sandstones in the neighbour- 
hood of Wadhwin resemble the Biigh heds in lithology, in the 
few impurfeHiily preserved fastis which they have yielded, and 
in their position uncon formally bcLow the Deccan trap-flows, 
Tlif Cand Above the youngest member of ihe Vindhyan syitern there 
Hb , 1 is a «f unknown width in the geological history 

of peninsular India ^ and it. is probable; that much of the 
record has been destroyed by denudation, for its nest chapter 
commences with a formation deposited on a land surface when 
India waa port of a large continent exposed In the weather. 

The oldest rocks after the Virtdhyans are distinguished as 
the Takher Series, which farm the lowermost singe in a great 
system of snh-aerial and fresh-water deposits known as the Gtmd- 
w^na system. In (jondwlttii times India, Africa, Australia, 
and possibly SouLh America, had a closer connexion than 
they appear to hare at present, Although probably at no 
time forming a continuous stretch of dry land, they were suffi- 
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cfehtly connected to permit of the free commingling of plants 
and land animals. At different JjAflS of this great southern R^uy^t. 
continent there occur peculiar houlder-beds whose special 
characters appear to be test espi^ineff H ihe result of icfc " 

nCti&n. The boulders of this peculiar fonti-ation of the TSlchcr 
series vary from mere pchhLca In blocks weighing many tons, 
geiserally well rounded and rarely scratched, lying often in 
a matrix of fisc silt, a matrix which would nut exist If the 
houlder^ had reached their present positions by rolling in rapid 
streams. The formation in Now South Wales which i* taken 
to he the equivalent Of the Talohci bnulder-bcd has a similar 
structure, with large and sometimes striated boulders embedded 
ih a Cine, silly ma-trE* - and in this case the tranquil conditions 
under which the formation was laid down are shown hy the 
inclusion of numerous delicate Fsnt stfffaf and Undisturbed 
bivalves tying in thesih- The age of the Australian formation is 
fixed hy the associated Upper Carboniferous marine beds, and 
[his testimony agrees with that of the boulder bed of the Sills 
Range already referred in {ante, page 70 ). In Kashmir, beds 
have been found containing Gaxganmpittis (a typical flower 
Gondwlu plant), associated with fish and labyrinthodont 
remains related to those of the Pcrnio-C’-arhoriifcrous in 
Europe (Ifl). 

The lowermost beds of the Good w3na system are thus fixed <V r ftf :llc 
by indirect evidence as Upper Carboniferous or FenntxCur- 
Ixmiferous lli age. Later on it will be shown that the upper- 
most stages of this system arc associated with marine deposits 
of oolitic, or possibly nwcomian, age- We thus have a great 
system of strata ranging from (he Carboniferous, through 
Permian and Triassic times, to the period during which the 
veH-kntnn oolites of Europe wore formed, The fossil content* 
of this, system give a record of the natural history of the great 
southern continent of Gondwilna, which differs in a remarkable 
and most iniejesting way from that oF the northern hemisphere. 

Allusion has already been made to this in the Introduction.^ 
and after a brief description of the subdivisions of the Uortd- 
wana formations, the question will bu referred to In greater 
detail, though the few pages to which this eha[itL j ris necessarily 
limited are insufficient for a full discussion of a subject which 
possesses su*h an important bearing on palaeontology. The 
redder who wishes for more information is referred to the 
memoir?, cited at lhe end (rf ihe Chapter. 

The Gondwana rocks are preserved AS Sflialt patches let th* 
don-Hj mostly by faulting, into the great crystalline ihss of uondwinar. 

VCn_ t, o 
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the Peninsula. Originally they must have covered a much 
wider area; but as tlie Peninsula hat. been espoiMd ever since 
to the free action of neaiheriug agtnij, the Gondw^na forma- 
tions have tn;en cut Into Like the older formal ions, and Lbe coal 
measures thus preserved in India tio-iv form but 4 fraction. of 
those that once existed. Isolated patches of Goodwina 
rocks, including i oj.l iji : :il>, have been involved m, the folded 
estm-penmsuEar area, :tt the LbtrjedinE District, and in Northern 
Assam, Thq string of Gondwina patches which determine* 
tins direction of the river DSmuda includes our most valuable 
deposits of coal, Their faulted, parallel boundaries and 
general cast west alignment suggest the action of the same 
earth movement; as occurred In structural Lines parallel to the 
subterranean ridge of high s,ptsr:Lfic gravity running across India 
to the south of this line— the great depression of the Gnngelie 
vjllfy and, farther afield, the main axis of folding in the Hima- 
layan region, All these [Jiemjiueua are probably connected, 
though not necessarily contemporaneous. 

"i "jn: lowest subdivision has already been referred to as the 
Tilchcr series The rocks of this series are generally soft 
vui0stoe.es and pccuLiar silty shales, often of 1 greenish hue, 
which break up In a most characteristic way into small 
angular fragments. The peculiar characters of the TJlchcr 
rocks permit then ready recognition ■ and though a compara- 
tively thin formation., probably not exceeding 8*o feet in 
thickness, they are developed, with all their peculiar char- 
acteristicsi, over an enormous area on the Puninsuta. 

In the upper layers only a. few plant remains Iritvfi been 
found; Inn ihi; Talchcts generally, notwithstanding their litho- 
Logical suitability for the preservation of delicate fossil*, an? 
remarkably devoid of signs of Life, a feature which is consistent 
with the evidences of groat cold indicated by the glacial 
boulder-beds near tike base of the series- 
The rLi xi younger beds are grouped together under the 
name ltfirauda series and these Are subdivided in Lungs!! into 
the following stages — 

.5. ItanTgfmJ nsec, 
j. truriLoriK ifcilc s:af;r. 
r. T3*ul;*r rtapt, 

ThE ltarakans are recognizable in many other areas; but the 
upper stages cannot be identified with certainty, and LocaL 
names like Kamptcc, liijori, and Motur are used to distinguish 
the Dimi*da brds qbtWfi the Bftrakitra in oilier coalfields, It 
is in the Damuda serks iliac the myst valuable Indian Wal-siams 
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■occur. The associated rocks: arc all sandstones and shalct, 
which sometimes attain a thictn+! 9 & of 10,00a fe*t. The iron- 
stone shale stage is eq called on acoqitBl of the lenses of etay- 
in>o stone which, as in ih* Rimiganj cOndholdj somiiLcmefl occur 
in sufficient abundance to supply a valuable iron-arc* A 33 these 
stages are in generaL conformity with One another though the 
u^per may be found to Overlap the lorn 

There is generally, however, a slight unconformity between rSndirt. 
the nppeimoit Mago Of the USihUda Series and the nent, which 
is distinguished as the i'inchet series, The I’inchets arc 
eharactcrLied. by the absersc* of coatseams* being composed 
of micaceous sandstones, often of a greenish colour, with 
bands of red clay. The series is well-known on account of the 
reptilian and amphibian fossil bones it has yielded, bi-Hides 
a few Fossil plants which show mart pronounced affinities with 
thQfce of (be DftmudAS i-han wiih the highcT beds. 

The whole of the foregoing series — Talcher, Damuda, and 
Pinchet— make up the lower division of the GondwSna system, 
being cut oil from, the Upper Gondw-ilnas by 4 narked strati’ 
graphical break! accompanied by a contrast in fossil contents. 

The plants of the Lower GomJwUna beds include many cqui- 
setaccwis forms, while those of tire Upper Gondwaias show 
a prevalence or cycads and conifers-; the species of common 
genera of ferns, sls well as other orders, an- l[u in: distinct in the 
two divisions. 

The Upper tiondwSnas have a lower series, distinguished an tlpj^r 
the Rajmah&l series in Bengal and as the MahUdevaa in flu; Gendwl^ts* 
central parts of the Peninsula- The Mahodevax attain a thick 
ness of 10,000 feet in the Sltpuil area, most of the rocks being 
nArKlatcirres and unftmihferous, The RsjmahSls, on ibt: other 
hand, Lure- yielded a number of fossil plants, and are Interest- 
ing, loo^ on account of the great sheets of basaliic lava 
interatralified with the shaly and sandy sediments, attaining 
a thickness of over j,ooo feer, The K,njimhiil lava-flows are RMraaMi 
often amygdaloidal like tlwse of the- Deccan trap series, ihe 
cavities yielding agates- and ieoliius of considerable variety 
and beauty. 

Rocks of Upper tJondwana age occur at various places Marta* 
afohg ihe east coast of the Peninsula. In seme casts marine 
fossils have been Found associated with the plant bearing (Jamlwina 
beds, ftftd these hive helped to ft* the position oF the Upper *E*- 
GcmdwSnag in the standard, scale- of manno si rata, More 
pronounced evidence as lo the age of the upper limit of the 
Oondw^nas is afforded by the occurrence of plant-bearing 
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beds in the so-called UmiA aeries of Cutch, whose Age ha? 
been already referred to as about equivalent to the nwcomian 
of Europe page 76^ 

The Kotn- A series between the Kajmahal boriron and iht Umia sei'ea 
MUerl deserves special mention on account of the animal remains 
“ rJ “' which it has yielded. I« beds occur in the Godavari valley, 
anti have Wen named the Kota-MSleri series from two villages 
near which they are developed- In the lower or M7krt stag* 
fossil remains of the remarkable fish Ceraicutus. species of 
which are still living in Australian water*, And of the reptilian 
genera Hjpzrvdapidon and RnraitnhuS) have been found with 
numerous doprolim ; while in the Krua stage a greater variety 
has been found, including the crustacean Efihcriu, And several 
forms of ftsh and reptiles, wiih plant remains which indicate 
the position of these beck in the Gondwana sequence, 
charnutrs At the time when the Ghmupitn's flora flourished an the 
- crcat southern continent of GoucMna land r Ltptdt&*Ibm r 
fc^LI Sfgtflurtti, and Catamite were conspicuous among the forests 

jihMs. Q f ti^ northern hemisphere. But the separation of the two 

great continents was not sufficiently compLete to prevent the 
southward extension of some members of the LcpidodtAdr&M 
flora to Africa and South America f and the fact that typical 
members of the Upper Palaenaoie Ltpidodcndren lota, as it is 
known in Europe and North America, have now been found 
associated with the GiattUpftris flora m South America and rn 
South Africa proves beyond question that the two were co- 
existent { *0. 

ThrtlM- The pKdsminast flora of the I,owct GondwSna system, in 
Y" rr ’ r which &lait6f>1ms and Cattg.-irwifrrs't are prominenl genera, 
t:™iU--ihi- lmi much closer atfirrities with the McSOzOk plants of Europe 
land. than with the plants of the- Upper FaboOnrit coal-measures. 

This fact at first seemed inconsistent twith many other eridenCW* 
pointing no an Upper Palaeozoic age forlht Ia>wci Condwinas; 
but the explanation offered by the earlier members of the 
Geological Survey of India, though for many years a stumbling- 
block to European palaeontologists, hat received coheluftive 
support in recent times. A flora closely resembling that of the 
Indian Gondwlnas was found represented also in Australia* 
Soui It and East Africa, Argentina, and Hra 2 .il. Jn most of 
thcsL 1 - places, loo^ the formations in which the firSsil plants 
occurred were Associated with a boulduMicd having the 
peculiarities of that St the hase of the Indian Gondwinas, 
and regarded as the result of ice action hy the Indian geolO' 
gist?. With a boulder-bed of lVrtfo-CarbumforoUi age at Lie 
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base, Bhtl a marine intercalation of Jurassic and noocomian 
forms nfjr tine slim mil of the GondwSna system, we have an 
inferior and a superior Limit of the time-scale over which to 
distribute it* various series- A considerable fraction of the 
lowest beds must represent the Permo-Carboni fen/uS, Permian, 
and Triassic periods ; and yot die [ilauts they e cm tain show, 
when compared WLth European fossils, * predriminatcng Rhaetic 
and Jurassic facies, The remarkable agreement between the 
Gienefticrh (GondwStEk-i) flora of India and the TcisslI plants uf 
similar formations in. Australia, Africa, and South America rtn 
Only be explained On the assumption that these lands, now 
separated by the ocean, once constituted a gtuat southern 
continent. 

That India and the southern and central parts of Africa Kristennc 
wens OfiCt United into one great Stretch of nearly continuous 
dry land is proved by overwhelming evidence (17)* In the 4JJi CDOt i,, 
first place, besides the remarkable correspondence among the nEn t‘ 
plants which flourished during Upper Palaeojoic times in, India, 

South Africa, and the portions of East Africa which have 
been, explored, there is an agreement between the |«eiiLiar 
generalised labyrinlhodunts ftrvd reptiles of which remains are 
found in the Pinchet series of India and in corresponding 
beds in South Africa. So far as this evidence goes, it |>uinti 
either to a complete iand eonnerion, Or to mi approximation 
sufficiently closer to permit free mi[;ralion of land animals 
and plants, 

A study of the distribution of Jurassic cephalopoda indicates Kt|£ktu;« 
the existence of a tropica] sea (o the north-west of this Supposed 
land barrier, and of a cold sea IP the south-east. The separation h ji ls 
was. not, however., sufficiency complete lo prevent the* migration 
of species from the Cutch area, which we presume to have 
been on the north -west side of the bamer, to [be Lower f kidZL- 
vstri, which was probably On its southeastern shores, Bui i 
shallow strait in Upper Jurassic or l-ower CrctKHJUs Limes 
would be Sufficient to account for the small amount of com- 
mirtgling thus indicated by the occurrence of identical species 
on opposite sides of India. 

The Upper Cretaceous fossils demonstrate the existence of Evidence 
the land barrier more contplctelv. The marine Cretaceous , [™ 1 
beds near Bagli, in the lower Narbada valley, contain fossils ttpvsa;. 
which, especially the eehi nodenns , show striking resemblances 
to those of the Cretaceous beds of %na, Nortli Africa, and 
Southern France, all patches of rocks deposited in the great 
ocean of which the modern Mediterranean is a 'dinmbun relic. 
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Hut the Thigh beds differ in facies from the Ctetacecus beds of 
(he TricbrnOpoly area, since in the latter, (though (here arc many 
farms that had a w&i Id-wide distribution in Cretaceous times, 
types related to the fossils of the l 3 aci fic province preponderate, 
as shown hy numerous correspondences with South Africa, 
Humco, Japan, Sakhalin, Chili, California, Vancouver, and even 
ag far as Queen Charlotte Islands. We have thus a contrast 
between the Mediterranean -Atlaintie Cretaceous province and 
that of the Pacific, and this contrast is preserved in the Ifagh 
bed* Oh i ho w«t of India and the Tritbinopoly farmalions on 
the cast coast. The evidence goes Oven farther, for In Assam, 
Trfchiftopoly, and South Africa the Cretaceous beds show a 
distinctly littoral character, indicating the fact that the old 
Mesozoic coast-line on (he cast was not far from a line Joining 
these places. 

There is still another piece of evidence as to the cxistencc- 
of the old Indo-African con tinent, all the more striking because 
it belongs- (0 an entirely different fidd of observation, It is- 
found that between the Seychelles, which are connected by 
cotnpaeaLively shallow waters with Madagascar and Africa, and 
the Maldives, which are on the Indian continental platform, 
there exists a submarine bank, preventing the ice-cold Antarctic 
currents that dumctciite iho greater depths in the South 
Indian Ocean from intending into the Arabian Sea, which 
has thus a higher temperature than the water at correspond- 
ing depths to the sooth of IfaU bank. We have here the 
remains of the old. continent, depressed sufficiently lo cut 
Off India from Booth Africa, hut still enduring as a bank 
between the great abyssal depressions to (he pomh-weat and 
the south-east. 

Finally, the modem distribution of animals is explained by 
this occurrence of a Mesozoic IndO"Aftiean continent, and in 
turn furnishes further evidence in favour of the conclusion 
already based on palaeontological data. Within the part of 
India south uf the Gangetic plain are numbers of genera and 
Species not found in other parts of the 1 ndo*M alayan region, 
which have neat relatives In Madagascar and South Central 
Afri-ira. These, distinguished as the Dra vidian constituent of 
the Indian fauna, are comparatively low forms, mwily reptiles, 
S)A(ra< liians, and Invertebrates, with, only otic mammalian genlis, 
Piafxhetrthcntys . The likeness between the Dravidum fauna 
of the Indian. Peninsula and some forms in, Madagascar can 
Oflljr be accounted for Iry this supposition, of an ancient 
land communication,, while the amount of divergence (hey 
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show is tio- more than would be cupelled from independent 
evolution, since tbe se^rAtion occurred in taHj Tertiary 
times {k&). 

The great revolutions in physical geography, which took The lma 5 :- 
■place towards the end uf the Cretaceous and during early 
' I i..t I ■ :■ ry : L:- U 11 l'i] if. the tv-.-.: ■ r p .'.I l'i- -■ ■' i.l ■: k .rid Wina land, 

continent, and were followed by the rise of the HimiLayan 
range. These erogenic movements appear to have been caused, 
or accompanied, by igneous action on an unusually grand scnle- 
The great masses of basic lava novciing more than 200,000 
square miles in peninsular India remain as a (ragman of the 
enormous flows which must have spread over that area, and 
probably over a very much larger portion of the okf flondwAna 
continent to the west and south, now boded under tke Indian 
Oraan or removed by denudation. Among similar phenomena Igneous 
in other parts of the wotld, at or near the same period, may be ™ L i jj^ r ^ ii 
mentioned the great basaltic (tows of North-western Europe nJ Mho 
with their associated granites, gabbTos, and Other intrusive i(llc [L ™* 
rocks, and (he Laramie 4gries in the United State* which very 
closely parallels the Case of the I*ecc 3 n trap or India, Besides 
the Deccan trap, other intrusive and ertTUxive igneous rocks 
made their appearance at ahout the same lime ih partK of 
extra-peninsular India- Bitrtfta contairu intru&ivcs of basic 
and vltra,basic rods cutting thir^ugh. the early Tertiary strata, 
and now remaining as conspicuous messes of serpentine, In 
the North-western Himalayas similar rocks, occonapanLcd by 
volcanic ashes and probably also by lav^, were formed during 
and subsequent to lower etmicne times, while in Ealuchistiin 
even moTC extensive series uf eruption* have been dclected- 
Fiflally, with this great period of earth- movement we must 
connect much of tbe granite which Is so prominent in the 
Centra l Himalayas and contributes to the great core oF the range. 

The most extensive And best known of the instances of Tire Dk- 
eruptive activity which chaiactcriicd the dose oF the Mesozoic, a,T1 tia l 1 - 
And the opening of ihfi CainO-reio, era is naturally the Deccan 
bap. The great lava-flowg which imke by fat the chief part 
of this formation conrtituie the plateau of the Deccan, con- 
cealing nil older nocks over an area of ? ero,oco square miles, 

Ailing up the old river valleys, and levelling the surface of the 
country. Subsequent denudation (m* carved these lava-ilews 
inti terraces and flat-topped hills, with, as in the seawahd 
(nee of the SflhyAdri nr Western Dhat range, steep scarps, 
rising to about 4,000 feet and indicating a part only of tbc 
Original thickness of (he accumulated lavas, ashes, and beds 
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Of mterstra.li fieri mar]. The trap-rock Is usually a farm or 
olivine basalt (n augim-andesite, Jrjieljf jporphyritie, but often 
vesicular with amygdala of bfeLMlifu] jeolites. caLcite, and a£MO- 

At the ha sc of the fluids arc beds in which Li :ne.i tones of 
lacustrine origin predominate. These beds, known as the 
Lam-eta series, were laid, down uncunfarmabiy on alL the older 
formations, even on the youngest members Of the GondwStta 
5y5tc]hi, white they were themselves ciposcd tu local demida- 
t ion before die lavas spread over and protected them from the 
weather. 

Among the- few fossils which have been found in the Lam eta 
series are the bones of a large dinosaur, Titamnaurvt indicate 
LytL, alli-ed to some Lower Cretaceous and Upper Jurassic 
reptiles m Europe. '['he occurrence of this form in strata 
which are certainly not older than Upper Cr^raeeo-us agio?* 
with the evidence of the M<g<ikt5*rxf from the Ariyalur stage 
of Southern India, in pointing to the backward stare of evolu- 
tion among Indian reptiles in Upper Mesoioic times— Otie 
more among the many evidences from Indian geology to prove 
that correlation of strata by land animals often contradict the 
evidence of marine forms. 

In making an attempt to fi* the position of Che Deccan trap 
in die European stratigraptikal scale, the chief point to guide 
our judgement is the fact that we ore limited below by the 
cenomanian (Rilgh) heds and above by the Nummulitic locks 
of Crrtch, while in lialuchistan what appears to eorros|K>nd to 
the base or the series is associated with marine strata of about 
Eenunian age, and in Sind the upper Hows have spread out 
over beds regarded as equivalent n> the oldest Tertiary in 
Europe. The eruptaixtifl thus probably began a.t about the 
lime of the formation of the upper chalk of England, and 
finished before the remarkable foraminiferAl gemta Numirivfitef 
made its appearance and spread throughout the great Eurasian 
central! ocean, During this interval, which geologically is a 
very short one, there was time for the accumulation of lava- 
flows which amounted Co not less than 6,ooo feet in thickness 
in some places, with intervals of rest sufficient for lakes, stocked 
with Iresh-wrtcer molluscs, to form on the co-id surfaces of several 
of the lava.flow!. So this remarkable Actum illation of voleanlc 
materials has remained until to-day, wiih its oi-iginai horizon* 
talily of bedding but slightly disturbed. Except on its north- 
western fringe, where It was bent down with the suh&iding land 
to the north to suffer tliO entnoachment of the eariy Tertiary 
sea, it Ims remained exposed to the weather, which has cat>ed 
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tbfi great tava-ltows produce the characteristic scenery ci the 
Deccan [darcau. 

Until the Deccan bap has teen deserted out by the weather btinr-bAiw: 
in the way in which the Tertiary hasalta of Hcrth-w^stern 
Europe have been cut up, we ^hal5 have very tittle visible dap. 
evidence of the masses of ultra-basic rocks which almost 
certainly lie below. But it ts just possible that jiartions cd 
these ultra-basic rocks have been squirted into the early 
Tertiary racks of the North-western frontier; and the numerous 
masses of olivine-rock exposed in Mysore 3i»id the Madras 
Presidency may even have had a simitar origin, though it is 
also conceivable that the latter are as old as the Cuddapah 
lava-flows which, like the trap, once cxIChded far 

beyond their present limit*, These duitite- masses in Madras ef 

can be dismissed with a very few words, The majority of-|£“jJ 
them are alinost pure olivine, though at times they contain 
eustatite and chromite, and localEy pass, by concentration oF 
Other minerals, into various form* of pittite. But the chief 
feature of interest in connexion with these rocks is their 
frequent, almost constant, decomposition into ma&nesito ■with- 
out ordinary seipentinous alteration. The original otivine-nxks 
must have been attacked hy water and carbonic acid of deep- 
seated origin, probably Originally contained in ihe magiina. ; 
jmft, with rho formation oF magnesite, chaladonic silica »s also 
Ecparaledr The so-called Chalk Hills near Salem (n 1 j-p' N. ; 
y3“ 10 ' E,^ form a well-known instance of these jiftridotite 
eruptions, being so named becauSft of the abundance of 
dazzling white magnesitP- 

Possjng on to Burma, we find numerous and large mosses of ?iqieii:bra 
peridoEite which were erupted in early Terti&ty times. Unlike l^ 15 ' 
those of Madras, whose age, il should be remembered, is Hurras, 
unknown, the Burma peridotites- are always much serpenrintzed ■ 

One instance, interesting, because of its connexion with the 
valuable mineral jadeita, may be taken OS an euamplc. In 
Upper Burma, in the vicinity of Tawmaw {i$ r ' 44' N, j 1 4 

Ei), serpentinous Kicks arc found piercing Sbati of mioccne 
agp. Micratcopic ftsunfTifttton of the rock shows IhM large 
quanihie* of the original olivine have reaped hydration, but 
moat of the mineral has been altered to serpentine, The 
jfdeitg oceura in Ihe masses of serpentine, standing out, when 
exposed, by its white colour against the dark-green serpen- 
tine {«), 

p Serpentinous masses, presumably flf the same ago as that 
intrusive in tire jitioncne rocks of Upper Burma, are found also 
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36 irregular hosses and dikes at various places mainly oh lhc 
cagiern side of ihe Arakan Yoma, where they are intruded into 
rocks of the Chin series. The serpentine, wlih chromite, found 
in the Andaman IsEands probably belongs to the same series of 
eruption*, 

Baluchistan was the scene of the grandest and most inter- 
esting manifestations of igneous action during this period- 
ic itli the beds of volcanic ash which arc found below the 
hippuiitic limestone (Cretaceous)^ and at different stages to 
the middle eocene, there are certain basic intrusions which* 
with the ash hods, wero formed before the folding of the rocks, 
and have consequently suffered the usual deformations. Either 
os a cause or as an accompaniment of tho folding' movements, 
great intrusion* of giSEKSphjrrie -rock — granites and more haste 
I ypes— -were forced into lhc N urn routine limestone and asso- 
ciated rocks some time after lire close of the OOCfcne period. 
Then followed the injection of dikes and sills of dolerite 
before the pliocene strala were deported, But tlris did not 
close the volcanic action in this interesting area: Lavas and 
fishes n crc ejected and Pin hex material injected into the 
pliocene (Sirralik) rocks* while eruptive activity persisted on 
to recent times in Baluchistan as well as in I'ersift, and sumo 
of the volcanoes ait still active, though showing signs of 
senility (30j. 

With a brief remark ort the granitic rocks, because of their 
possible connexion with the H-imfilayan granite, we must leave 
this attractive section of Indian geology, It ss interesting to 
note that the granites found cutting Lhc limestones, which are 
foil of KummuLites, often show the peculiar grapophyrio struc- 
ture so characteristic of the similar early Tertiary rocks of 
North-western Europe, that they pass in the same way into 
more basic types also with ruicrographic structures, and that 
llrey ar-e similarly traversed by basaltic dikes. But besides 
these peculiar features they arc m places porphyriEic, and 
Otherwise recaEI some gmtiites in the Central Himalayan 
tone* 

While the Deccan trap was being poured mat cm the 
Peninsula of India, at the time when the typical Cretaceous 
fauna of 3'Iurope ^fie gradually giving way io the forms which 
mark the dislincily Tertiary formations, deposition was going 
On, in the scan washing the went coast of India ; and as a result 
we have preserved, m [otCs of Sind and Baluchistan, sediments 
which contain fossils wiih aftjtiiiiea both to the Cretaceous and 
to (he Tertiary types. The exact skle of the dividing line on 
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which a funicular formation should be pEaeed can lx? decided 
only by detailed exam i nation of its fossil contents. 

In one of these cases, which alone there is. ipce 1* mention, Catfiti 
we have a aerie* of beds in which some highly fossil iferoils Jj ““ n ™ 11 
Olive-coloured shales contain large quantities- of a peculiar 
globose species of tamellLbranch, Cardita rf™ urtumsi, wjstr;li 
gives- its name to the formation. Associated with this form 
am reptilian remains with Mcsoko e affinities besides corals 
and ediinoids of mined Cretaceous and Tertiary types ■which 
have yet 10 he critically examined. Thi: association, an 
inle-rhedded flow, of smygdaloidat (rap with the Card ifa 
ha wm&ati beds gives one filed point for the age of a portion 
of the Deccan trap. 

The Tertiary system which forms the southern fringe Of the 
Himalayas ts divided as fnlEnws l — 



I Upper Stirflik, 

SI-"* life terra . . 3 Middle- tHWiLit. 

( T.0.1 tr £ : .w.i!il; or Nifani] stipe. 

{ hab-niti i'j [jr f >farm 
n*£[bii stiff '■ l?:es. 

SabMlii fetift 

A review of (heso Tcntary deposits shows a general passage rtitnibyn-i 
from marine beds at the base to the great river deposits erf the 1 ,Brlliri c ; - 
SiwAhfcsj which are essentially similar in origin to the modern 
alluvia deposited hy (he rivers emerging bom the Himalayan 
valleys Oh to the plains of HindusfcSi*. 

lire lowest or Sabsthu stage of the Siiraur series consists of Sabsilm 
a highly disturbed set of grey and ted gypseous shales, with 
layers of limestone and sandstone, in which (he fossils in-dic-Rtfe 
a marine origin and an age equivalent to the Nummulitic 
beds. 

The Dagshai stage, with its hard, grey sandstones and l>^hni 
bright-red clays, follows conformably above the Sabdlhu beds, Ha * t ’ 

And in turn passes Up into the Kasaeti stage, which is essen- 
tially a. sandstone formaljon in which the clay beds are distinctly 
rtibordmaie in quantity. 

On reaching ih* Kasauli stage all evidences of marine action Katauli 
disappear-, And die deposits seam to have been formed in •****■ 
fresh water, the sea having then permanently retreated from 
the plains of Northern Hinduitil n, while the conditions favour- 
able to the formation of the great thicknesses, of SSUdsloncs, 
plays,, and conglomerates which mark the Upper Tertiary, Or 
■Siifililc, series were developed. 
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Marine conditions prevailed in Jjower Tertiary {Nummillitic} 
times airing the foot o i the Hintflayas, as far east at any rase as 
Oarh^Jlt, and Ihc deposits of marine Satrithu bed's Can be 
lEated at intervals north-westward to Jammu, while Nummuliric 
rocks occur also in the Salt Range ; over various pans of the 
North-West Frontier Province, covering tip large tra^s of older 
rooks . at the back of the stone of crystalling, and now generally 
snaw-eturered, peaks in I he far parti of Kashmir and Ladtith; 
On the r J ibetan bonder in fjpiti and Kuraauri ; and away to the 
far east in the region of Tibet north of Sikkim. Still farther 
east, in Assam and iJurma, Nummuliric rocks occur sn 
numerous places. Within the limits of this chapter it is 
legible to refer to a few only of the remarkable features of 
this widespread scries of deposits The guiding [me through- 
out is generally the occurrence of the remarkable foraminifer 
NammahitSi which, on account of the way it spread itself 
throughout Europe and Central Asm in caily Tertiary limes, is 
M Useful in marking * stratigraphical horizon as the freely 
migrating cephalopoda of the Mesozoic group. 

Ih S-ind, where the Tertiary marine rooks have attained an 
exceptional development, the following subdivisions are 
recognized ; ■— 



MjnLhlnT . 
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- MJnpmc 1* FJukcilc. 
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Mari 
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OlijjocesiL 

Priahonlfln. 


Kirlhjj 
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Lultliin. 

YprcHic.. 


!■! iallcDt 
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. S|iim4cban. 



Cfttriili i&iur.urjn ljfils 



. Mondin. 



Jbe lower portion of the R^mkot stage is poor in fossils, 
consisting of pyritoiis and carbonaceous shales and soft 
rariegated sandstones mth gypsum. The upper bods, how- 
eifev, are rich an marine fossils, among which in the two 
uppermost aon£i are NumnniEitea of different species which 
persist thence, through the Klrthar, to the Lower Mari stage. 

Ttte great thickness of beds represented by the RJlnlkot 
and 3.owcr Ktrthars. has not been preserved in Haluehiatart, 
where a series nf beds; distinguished by the name C.frfrij rest 
directly, and with distinct unconformity, on the Cardita 
btautncnfi beds. The Gh3zi) passes locally 1 into flysch-like 
materia] ((be Khojak shales), which apparently accumulated 
with rapidity and produced a great thickening of the beds 
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without much change in their fossil contents, Above the 
GtiAiij Khujak itage we find a limestone formation, known as 
the SpTntftnp stage, which is represented in parts of Ealtichist.in, 
and caps the searp of the Kfflbar range between Baluchistan 
*nd Sind- The grejt thickness of Khqjalr, Gfairij, and 
Splnlangi beds in Balirchistln represents merely the Upper 
Klithar of Sind, between the middle eocene Kptntangl beds 
of Blluchistfln and the I.&wer M3ii {ep^r coccrte) there is a 
distinct unoonfoi-mi ty p corresponding approximately tt? the 
batcehinn of England. But this gap is not apparent in Sind, 
the yellow or hro*n Ntri lirnsLone following the white 
limestones Of the Klrthar stngC with seeming conformity. 

With the Lower N5ri end the Numimilitos, and the limestones 
in which they occur are succeeded by a great thickness of 
comparatively barren sandstones. 

Representatives of the NummillitLc scries, which are so well 
developed in Sind and Baluehistiu, occur also in Culch and 
Kathiawar, in Sural and Broach. 

The I.ower Tertiary rocks of the Kohnt region are remark- RocI-mIi; 
able for the valuable deposit? of rock salt which Occur at their ] r rL tb: 
base, and which, in default of contradictory evidence, arc 
assumed to he of Tertiary age, though the base of the salt 
hearing series is not expend. The sab, and ns associated 
gypsum, sh&lej.ind sands, in lh<? Koh.1t region present certain 
characteristic* which distinguish tEtc formation from the sah- 
marl occurring so mysteriously below the Cambrian beds of 
the Salt Range in the Punjab, The colours are generally grey 
instead of reddish, and. the put-ash and magnesium minerals of 
the Salt Range arc not found in thy KuhiU area. 

The Lower Tertiary tocJus of the Kashmir and Ladilth area T.ower 
deserve special mom ion on account of iheussncfatcd potidotrtes 7 tr I iafitl 
said basic igneous lavas and ashes— a set of rocks which, pLactid Lv 
m this Btiatigraphical position, suggests a genetic cunneakui 
wilh ihu great Deccan trap eruptions and soim; of (he Irasic As “ m ' 
eruptive* of RaluchtstSn of about ah*: sp,EFi^ period. 

'I he NemmUlitic rocks of Assam arc of importance on 
account of the economic value of their limestones, coal-beds, 
jitid mineral oil, which arc referred to in detail in the chapter 
on Mines and Mineral? (VoL 111}. 

In mioccnc times the sea was driven hack, and marine ilircentaf 
fitiuta of this age are conMcjurnslv restricted to areas nearer ^ Ind ui 
the present coast line?. In Sind there is a fine display of 1 *"*” 
mariti* ttdocenn beds in ihe Klrthar rangt, where (he series 
U Cut through by the Giij rivtr and 19 named the USj series in 
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consequence. In tiuich beds of corresponding ago are well 
developed, wMe fae away i>n the other side of the peninsula r 
mass there Are relief nf the miocune sea tn Up]jer Burma, 
dtKtin^tiished as the Ycnangyaung series. 

The earliest record* of the Tertiary history of Burma ate 
sLill scaled up in a great diicfcness of flysch-like shales and 
limestones yrhich, occurring in the forest-clad and almost 
inaooe-vsihle Arakan hills, have only been superficially examined. 
Above- these, on both Hanks of the tone- of older rocks which 
sitetches from Cape Ncgrais north wards to Manipur, we find 
marine bedsj (he Bassgini series, of upper eoeeoc age, showing 
shai a great part of this area was enured by a sihftILow sea. 
This sea (wcamej in lower mipwme limes, silted up by sand 
and mud, with included organic remains, which afterwards 
gave rise to the thin coal-beds and petroleum-bearing sands of 
ihi Froilic sti|;c. Then followed a further inroad of the 
ndoccnc sea, with iis ctmsls, cchinodenns, molluscs, Crustacea, 
and fish, many of -whole direct descendants ace kivinp to-day 
in the Indian and Pacific tkaa m, These, and the deposits 
formed in the estuaries of the rivers which poured their 
Contents into the miocenc sea of Burma, oomsritule the 
Ycnaitgyauflg stage. Then followed the changes which, after 
a local denudation of the YenangyauiigLsn sediments, resulted 
in the deposition of 30,000 feet of sandstones in river valleys 
that fanned the hosne in pliocene limes of many remarkable 
mammals and repiilis, contemporaneous with, and in many 
case* similar to* the animal* whose remains have made the 
Siwiilik verics so famous, The folding of these pliocene rocks, 
distisig-.ti.5hed as the Irrawaddy system, into a north and south 
r^ries rrf anticlines and syndincs introduced the modern 
physical conditions of Burma, ami determined the disposition 
of the great valleys of the Irrawaddy, Sitting, and Salween, 
whose sedimenia are in places burying, while in others the 
livers are cutting away, the deposits produced by the great 
rivers which drained this area m pliocene times. Th c 
southerly extension of thc Irrawaddy series is buried Under the 
delta of the river, and possibly even under the Andaman Son, 
where A longitudinal depression forms the submarine con- 
tinuation of the Irrawaddy basin, and comes to the surface in 
thc And Aina n and Nicobar Islands, where, besides unfttesilifer- 
0U5 rucks similar to llwse of thc Chin series of thc Arakaji 
bills, there are younger soft limestones, days, and total sands 
whose precise age is not known. 
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T‘tNe of Tirliary FnnntaUotts in Burma. 
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Lttorr fs-'iiX. — Yt-lLuw, JriaLLc -xindx-onr- 

uid Li'rti^lg|rv[T*LCJ. jt*dl fftujj woo:] 
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Hit: C’bjii series has noi, ho far, yit-ldcd any fossils, and Chin «*»«. 
bey^EWi Nitmmufitej very little has been obtained from the 
Eassein series; hw une of its fossils,, Veiaits Sthmt&fSina, 
f .btmu., is a gastropod of great intcr^t urn account of this 
further evidence of its wide distribution and. consequent value 
as a means for determining tlte geological horinm. From 
France* this gastropod ranges through Italy, Egypt, Verafr, 

Cutcb, Shitl, And Western liurroa^ being a widely distributed 
inloibilant of the great Med i tet raite-a n sea which sthctelied as 
a bek across this area in caily Tertiary ifnaers- 

Hot ihe chief interest to the student or natural history lies Yauv- 
in the rich molloacan fauna u[ the Y«iangyaung series of the } anr -* 
mLocenc F^gu system,, These beds, well tjtpoaed in the M - IEs - 
antieline near Vcnangyat (ai° (i' N, : 94° 51' E.) and south- 
wards to Mint™ {iv* 10' N.i *h :i 53' K.}, have yielded ifij 
species of Bcktypoda And Gaslrtp&fn^ of which 3* per cent, 
are cither identical with trr closely related to species now living 
in r(te Indian Ocean, and 19 per ci:nL have near relation* 
itill living iai the Western Pacific. While no specks Among 
this assemblage of mollusc* is identical with any found tti the 
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tniocend beds of Eurapr, 14 pet c*nl- hav^ thdr neo-reit 
relatives in the veil-known eocene beds near Paria- 1'hese 
facts indicate an easterly migration of many of the molluican 
animals during Tertiary times, the descendants of the eocene 
sea of Europe living in the minccnc sea in India and Butina, 
and contributing, by further movement eastward, to the fauna 
now living j n (lit ^4 of Japan, China, the- Phili ppines* and 
Australia. ’3"he mioccne beds of Burma have thus yielded 
farms which consd'tLj.i.e connecting Links between, living; forms 
in the Pacific and closely rented eitinci species which, lived 
in the eocene sea of Europe, in some uf these cases the 
living species arc, Sfr far, only known east of Singapore, having 
apparently, during the coni m nation of this easterly migration 
after mioccne times become extinct as far as the Indian Ocean 
i? concerned, while their defendants have passed on *0 the 
Pacific (31)- 

The name tiwalik, now applied: to the fringing foothills 
of the Himalayas in the United Provinces and the Punjab, is 
also used to indicate a great system of river deposits remark- 
able for iis wealth of vertebrate fosail remains- r lhe deposits 
oF sands, clays, and conglomerates are esa-siitialljf similar lo 
il*5$e formed in modem times bp die Himalayan rivers 1 4*kl 
their relations to the modem HlUlvinm show that they were 
produced in the same way, and were then caught up in the 
folding movements by which the Himalayas, rolling out as 
a mighty nJCk-vrttve towards the south, rose as the greatest 
mountain range in the world- 

The most interesting and, for stnuiprapbical purposes, the 
iticw-t important among ihe fossil remains found ift thebiwaliks 
am those rif uortebraic- animals, especially of the mammalian 
class- The evict hotijson of many of [be specimens was not 
recorded by the colIcctu-Ts ; and it is consequently not certain 
whether the apparent mlatureof forms having relatives in the 
o'Lgocenc, miocene, and pliocene strata of" Europe correctly 
represcoti the life In the ju^glea of the Hlmikyan fool hills, 
or whether the order of succession was [he Mine as In Europe. 
The general facies of the fauna, however, shows predominating 
pliocene affinities, on the whoLe newer than the fossils of the 
Manchhar beds in Sind, for which an upper miuccnc age is 
accepted on stratigmphical as well as pakeontnkigieal evidence. 

A remarkable feature in MWKJiiort vmh the diwllik verte- 
braic fauna is the abundance of the laTger mam mala, and the 
predtnuLnanire of true ruminants over the ariiodsctyle ungulates 
Out of sixty-four genets of mammals which have been irfenlified 
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among the Si wr 5 l=k fossils* thirty-nine have spedea still Jiving, 
while twenty-five are now extinct. Amohs the reptiles only 
two out of twelve genera arc e\Eirw.-t f while all the birds and 
fishes whose remains have been crammed belong to living 
genera. The impoverishment in variety of large mammals 
iince piiuceoe times is a feature of considerable interest, as 
it is not peculiar bo India and rs supposed to be due to the 
effects of the glacial epoch. We haw now but a single species 
of elephant in India to etmupare with the eleven species which 
hved at the foot of the Himalayas in pliocene (Siwalik) times, 
white the two species of 8 /n now living in India me all ?hai 
are left of the sdi which formers): lived in the Siwhlilis. 



Very pertinent evidence as to the age of the Upper SwJliks Thelm- 
es obtained tn Burma, where the basin of the [rrawaddy WBt3lLy 
contains a great system, of bids, chiefly composed of yclLow r? ’ !, ' E,r 
sands, which attain in some places a thickness of 20,6*0 feet 
and -reaj, irith alight unconformity, on marine htd& whose 
raiowne ftgc is placed beyond doubt hy their fossil contemn, 

'I'wo features of special interest in oonpc-irion with these Ijeds Fwnl 
may be mentioned t one is the common ocenm-nCrJ at various wnoH - 
horizons of pieces of silieified, exogenous wood ; the other is 
Che abundance In the two lower Clones of wrlehnte remains 
agreeing very closely in character with many of the remarkable 
forms which have made I he Siwltlihs so famous 



The vertebrate fossils are, fnom the geological point of view, 
the more: interesting. The specimens so fa r collected appear 
to belong to twenty-tt* species, of which onLy thirteen have 
been specifically determined, and eleven of these arc identical 
with forms known in the Upper Siwlliltg, The undetermined 
species belong to getrera which ane all known in the Siwaliks; 
so there b a sufficiently complete correspondence to justify us 
in regarding the Irrawaddy sjsiem as the equivalent of the 
Upper Siwfiliks. As the stmtigTaphical position of the Irra- 
waddy system shows it to be of plir>ccne age, we thus have 
■■ nSunfiiEinatu'iii of the conc*Ln,iori which has InrCn arrived at by 
a comparison of ihe SiwAlik fauna with the pliocene fossils of 
other lands. 



It is probable that the rocks known *5 the Tipam sandstone! Tipam 
in North-eastern Assam arc of the some age as the Siw^ltks ““Aitowa 
and the Irrawaddy Scries, but no unquestionable fossils have ' lrt ' 
been found in them. 

Since pliocene times, when the Himalayas finally rose as r«l-Ter- 
a peat barrier between India and the r«t of Asia, considerable tiir ? dt ‘ 
chAn *« have taken place in the physical geology of the ri]D,nninL 
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country, In the two great areas of folding which meet (he 
eastern and western extremities- of (Ire Himalayan range 
volcanic action has persisted down to recent Limes. On the 
east we have Barren Island, Narcondam, and Puppa, repre- 
senting the northern extension of the tine which in the region 
of Sumatra, Java, and the Standi Islands has been so remarkable 
for its volcanic activity- , while on Lite west, in the Iranian region 
of folding, we have volcanoes tike Koh-L-Sultanj Koh-i-Tafdiln. 
and Hasnim Kali now settling down to the selfaurie stage. 

Earthquakcs tend generally to be more frequent in the 
regions of extra-pen insular India, where the rocks have been 
recently folded, than m tike more stable Peninsula; and the 
areas which have recently come into prominence in this con- 
nexion Are' the Province of Assam and the Klngra valley 
in the Punjab Himalayas. In the former tract the most 
violent earthquake on record occurred on June lx, iSyJ, 
The known extent of the area over which the shock was 
distinctly felt was about r ,300,00.. square miles. Within the 
epi focal area of io,om square miles, which was situated in 
Western Assam and Eastern BengaL, alterations have occurred 
:n the heights and relative positrons of the hills, in addition to 
the usual phenomena of earth-fissures, rand-crupti dilSj small 
faults, and the destruction of buildings. The violence of Cite 
movements is shown by the fracture of upright sslOnes, indicat- 
ing, in the case of short stones which were broken and over- 
turned, a modified form of projection, while in others there 
was distinct rotation by the actum of a vorticose motion in the 
ground. In the Alluvial areas the effects were especially con- 
spicuous, vibrations being noticed rh the distant and detached 
alluvial area of Abnndflbfl.d, though the earthquake was not 
noticed Over lire rooky ground to the cast for about a hundred 
miles. In the Assam-Beugal alluvial area the river channels 
were narrowed, railway lines were bent into sharp curves and 
bridges Compressed, white fissures and sand-vcnls opened in 
myriads, Ever since the great earthquake of (897 the same 
area ha; been disturbed by small shocks, mure than 5,0*0 being 
recorded during the following year { 33 }, 

The Kangri earthquake occurred on April 4, 19*5, ot an 
early hemr In the morning, in consequence of which i( resulted 
in a great loss of human life, estimated at about aa h ooo, Its 
epifocal area Say about 4 CUTved MV.-JJE. line, some 
rb* miles tong, extending from the neighbourhood of Kingra, 
through Kulsi, to near Mussuorte- This line corresponds to 
a fault or chain of faults, which, emerging near (he surface in 
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the Kangra valley, caused the greatest destruction near the 
north-west end ofLhe line, with an intensity uf sb&clc diminish- 
ing to the south-east, where the focus was deeper below the 
surface. The area t*f extensive; damage to masonry buildings 
W41.5 only about 5,800 square miles, os compared with 150,000 
square miles of similar dail&gc in (he Assam rarthqucilte 
of ifligy, But on account of the great depth of the focus 
at its south-easterly end,, the waves spread GUI over a. wide 
oroa, iek! serious damage was caused over about 27,000 square 
miles, while the shock was sensibly felt over an area nearly as 
large as that disturbed in sBej.?, toeing recognized as an earth- 
quake as far west as Quetta, as Lu south as Surat in Bombay and 
False Point in Bengal, and as far east as laikhmspuf in Assam. 

Within India proper there have been local changes In. the brant 
relative level of land and sea within recent geological limes, 
in SOiciO Gisc* connected with earthquakes, as in the case of the rtmras of 
earthquake of Cutch in i3iq when a part of the Ronn was sub- ,h * 
merged, and in the Assam hills, among which alterations of 
level and horizontal distance were detected by measurements 
after the great earthquake of j8gj. The Andamans and 
Nicobars have l>een imbued from ihe Arakan coast by Sub- 
mergence at a probably recent date. 

On the cast side of Bombay Island trees have been found 
imbedded m mud about is feet below low-water mark, wlidc 
a similarly submerged forest has boon described on thu 
Tirwevelty coast. On the other band, ihenj is evidence to 
show that a part of the coast of Tinnevelly has risen and 
driven hack the sea in the neighbourhood of K:iyal. Again, 
the accumulations of thiol; of old alluvium in the rocky 

basins of the Narbada and Tlpti rivers indicate changes in 1h.1t 
rdaiivt levels of lhe upper or eastward, and lower or weaward, 
parts of these basi ns. 

The clays arid sandstones of uppermost pliocene or of FWaut*™ 
pleistocene age which are found in, the Narbada valley have 
sometimes been referred to os the older alluvium of 1 he bull am! 
Narb*dS-— a misleading expression, as, although they were 
formed under fresh-water conditions, ihey could not have been 
deposited in their present position in a ruck basin by Lhe 
Narbada river as it now exist?, 'they include remains of 
mammalia specifically, and S&mfctimes ^neritfllEy, diatinei 
from forms HOW living, and among (hem bones of a hippo- 
potamus n&w represented poly In Africa. The molluscs in 
these deposits belong to known living Species of fresh-water 
habit; and the nock? therefore cannot be older, probably, then 
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pleistocene, though some of (he mammals are [Identical in 
sprdcs with those in the pliocene Slwalik series. 

Recently among (he older alLuvium of the higher part of the 
Godavari valley, in the NiMk District of Bombay, remains (d 
extinct vertebrates have been found, Including a skull of 
Eltphas ttwnftiti'™!, Kate, and Cam., of exceptional si*e, Re- 
niains of ffiip ofia tom us a n d Iloi namidiats have recently been 
obtained in Tells So feet below (he bed of the Ganges near 
Allah ahtfd. These, like the vertebrate remains found many 
years ago in I ho Jumna valley. Indicate a pleistocene age. 

t)ne of the most interesting among sut^-recent and, recent 
foriiuniions is (lie calcareous freestone, largely used for building 
purposes in the Bombay E^idency, which is quarried from 
deposits that occur near FoTbandar and other places on the 
KathiilTif coast. The rock consists largely of the tamllH of 
minute fomminiftra, with Sftiall quantities of sand grains which 
have been LTansjmrtcd by the wind from the s^e-shorc. Depo- 
sits of this nature attain thicknesses of 1&0 feet, showing their 
characteristic falsc-beddtng, near ] unSgarh, which is 30 miles 
from the coast; but the foramini fern ire cartied much farther 
inland, being found as far as Bikaner in the RaJpU-tSfto desert. 
The rounded and small sheila of the foramlnifera which mate 
up such a large part of the Torbandar stone are often mistaken 
for oolitic gTaint, which also occur in the deposit { 33 ). 

The most important and ewen$ive among the deposits of 
very young ags in India ate the great alluvial aoCulnulatiOriH on 
the confluent plains of the Indus, Ganges, and Brahmaputra. 
Throughout (he giKd IndO'Gangeric alluvial ama a sandy 
micaceous and calcareous day forms (he prevail mg material, 
the older alluvium being distinguished by the nodular SCgre 
Rations of carbonate of lime, called kankar, used largely as 
a source of lime and as rood metal. These alluvial deposits 
have been penetrated l>y borings in two places below the sea 
level The boring at Calcutta reached a depth of 4B1 feet 
without signs of either a rocky bottom Or marine beds, while 
fragments of fresh-water shells were found as low as 3S0 feet 
I idow the surface, and coarse pebble beds were met through- 
out the lowest section of ihe borehole, showing that the ptesent 
site of Calcutta was near the margin of the river valley which 
has undergone depression accompanying the accum illation of 
alluvial material, The boring at Lucknow extended to nearly 
1,000 feet bclo-W sea-level, with no Further sign of an approach 
to the bottom than that shown by the appearance of COatSe 
sand near the end of line hole, 
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Besides the deposits formed by the great rivers on the plains I 
of India," Assam, and Burntt, ihcru are i n Le rest in^ rivfir deposits, \ 
at higher levels, like those of the upper Sutlej valley In If undes, 
which ha^e yielded numerous vertebrate fossil remains.; the 
Aitteiva deposits of the upper Jhelun sn Kashmir • the so- 
called taw lands of NepFll, in which hurts of peat and pbos- 
piratic day occur; and the similar deposits lq Manipur and 
farther east in the Gbindwitt valley of IJurnia. 

The sand-dunes of the COASt of Orissa, the ftnr of TinneveLLy 1 
and T ravanoorc on the coast, the accumulations of blown sand * 
□n the banks of the Kistna, Godavari, and Cauveiy, the great 
gravel slopes which form tho tiSttuit: fringes of the UaLnchLstln 
bills, the finer loess of the plains, the extensive accumulations 
of the I'otwar, Ihc great desert sand deposit of Rajputana and 
Sind, and the peculiar black- S&il or ngat so widely distributed 
Over ihc Deccan must be passed by with a mere mention. 

The rusuco toured, caps which frequently cover the rocks in ] 
moist tropical climates, and hive been known for a century 
under ihc name latente , have long been a puzile to geologists. 
In Its typical form this material ha* a tesicular or seoriaccoLbi 
appearance, on which -account it has brtn supposed by sOicic 
to have a vokanic origin. EJccaiionalty it has a pisolitsc struc- 
ture, and is often mottled through irregular distribution of the 
ferric hydrate stain. There is hardly a doubt about the furl that 
most, and probably all, real la’.cjites arc formed by Lhe iubacrial 
decomposition of (lie rocks? on which (bey lie, and (bat (he 
peculiar stf UttUteH they show arc the result of molecular segre- 
gation among those prtwJueE*. for a long time laterile was 
regarcl&d as merely a ferruginous ckiy, funned by the decOmpt> 
sEtion of the aluminous and fermmagnesian silicates in Ihc 
rocks which are attacked by the weather ; bul analyses recently 
made show lh*4 much of the silica has been removed during 
ihc process of rock rlecompo?ilior n And (hat tilts illumine, 
instead of b>sing retained as a hydrous silicate such as we get 
in a clay, is often present as H simple hydrate of alumina, 
being stained red with the corresponding hydrates of iron, and 
mechanically mimed with other substance* set free during the 
processes of rock-weathering. Analyses show a groat variation 
: n composition : hut there is a general tendency among later- 
ites to differ from tbe rocks from which they are derived by 
the concentration of alumina, iron oside, and tihiuta, while 
the silica, aikalitf-s, and alkaline earths arc curried away by She 
ilmospheric waters. The fact that (his peculiar form of rock- 
weadiedog is characteristic of, and practL-caJly confined 10, 




THE INDIAN EMPIRE 



[CKAP, 



r&a 

moist tropical climates Has given rise to ihe suggestion I'hat the 
alteration of the fresh tuck is effected by the action" of some 
organism, which grows ;tr the surface of the t(K± and possesses 
Lhe power o > breaking up the rock silicates. The separated 
silica. (sir removed in solutimn, while the hydrated alumina *fld 
iron oxide remain behind, and, by (heir segregative power, 
eement the other products into a mass with the peculiar 
structures which characterize kteriw (Si), 

Liiterite may become broken off and carried to lower levels 
by the action of streams, and when re-depOflilfid at lower levels 
may become eemenlcd again intu a compact muss by the segre- 
gatava action of the hydrates, including; sand-grains of quartz and 
other minerals- Thus, there uni HgA-M/tf iaterites, resting on 
Che racks at whose expense they have been formed, and &JC 1 - 
fttvi latcrLtis, fanned in the usual way of dctiital deposits, 
Ijttmwvf Jjitcrites are not merely modern formations; SEveral old 
pud H e ci - Land surfaces vhow of laierstic deposits. Oh the ohl 

surface of India, for instance, which was overwhelmed and 
covered by the Deccan trap in uppermost CttlftHWIs times, 
krerites eadsted* and are sometimes now exposed where the 
weatlsermg agents have cut away the protecting layer oF trap, 
At the base of ihe Tertiary rocks nurth-easr of SunH, and at 
a few oLher places, are rocks having such a perfect resem- 
blance to modern ktcrite that there is little oar no doubt that 
the conditions for the formation of this peculiar rimieriul 
existed In early eocene times, and it is pmhahle that many of 
thu: Ijaimtcs of Europe and America have a similar origin. 

T, H, HOLLAND. 
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For all pipgTi pnLJsbed no the i^eol>u|;y frf lhdl» bcfWr rrfertAC*j 
will br ftraliJ In ih* •ecw.H sdkif.r. of th s .lficial aanul itijtrtiai if Afrf <7t» 
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below, If i addition to iLibjc papin, cCrtilo conclnsiDai sod ih L-n 
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their views. 
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tnijl*. Jd eirLnul inc iSie £eu>f^i|jlikcal tcni.lLliuOJ dotlnc Liter -CretnoEDOt 
thriei, fifeordi, (JfjJ. .Twit-. mi. tiYiii., p. 39 (iHqi,). The CrstSCtuus 
-deposits of P-oiidreherry JM 4 ., vsl, iX*, p- 1 I (cSpy), 




Pi] geo log f ioj 

J r T , II, I loUasid,— The MLia dEpoiili <rf E ittib. Afow, Sara. Imf. r 

vol, vA<t t [1, [[ tigoi). 

j, T„ H, HoLland,— The KLvamalai snskl of ElMolite-Syeurt= and 
gmliiidntr'-Sycmtri. M*m T CM, J&ifyl. Ind. t no]. knit, p. a fig (ftpij. 

4. T. II. TlflJlMri-— The CbirtWlHt* iJ-rict, ± Eton? til Archaean byper- 
IttSnLc ikH jb Pi'nirts-nlit ladii. AftjM. 5 a*v. A r.J, , *oL xs.v:ii, 
p, ti^ (ifloa), 

5. EL- BrMtf FflOte. — Tb= Geology of |li« IWEicy IHUcicl, Madr** r^cai- 
Jcncy. Me ot, Cnuf. Jrirt', /«*£,. Mol. U'J 

fr, Jt, n, Oldham.— Gcotagy of Ibe San title 7 Ui 111* fceiaah Suite Bltd 
of pa.fl a of lllc Adjouiinp; DiiLriclx of JuMpur and Mim|uir. CM. 

$rtr?. 7 >td., vol. uudj pi. I (irjoo), 

j. K. HedUch.— Tiii Cambllah f±nn± of Lhe EMOtt Sail Runge, 
J'ataimtfSpgia l*t*Uu L New Strips* vol. a, pt. T ( a Bpyl. 

fl P El. H + EEnylen,— TiL of 5p*i, Afe». J- Gal. Su/%-, l*d. r 

nl inilp pi. t 

ij, C. A. McMiheti *nd W. IT. UodlmErt). — FessLli finm lhe Hindu 
Khi>o(h- CM- Mag-., deende IV, ¥0l, i*, p- [E^f> 

Eo. a. Vta, Holes on Lhe- EaMK hl^cki of Mill* Joli»r an Hit 

limpet Mahals of Kumnonr Mon. Gtol. Sbrrv. It**-, voi. rail, pt. J ( > 

n r T, Tich e myjc be -w T h □ Upper I'alieraoic dtpdtilt of Larttfi- 

ffit, U&l. Sara, htd., ml. nil., | + . 3 

ia. F. NcteLlibjj- — Rcitripi Zur Geologic Jer Salt Rnn^e. Flirtt Ja&ri. 
fiir Sfiu., lit., band pjY. p. 3^ ^i‘joa}. 

]jp H. H, Hayden.— On the Geology of TJnih and ibo Bsmr vaElrj-. 

Mem. Gtri. J-twf-v f*J., voL. xaviai, pi- 1 (I Apty, 

14, C- y. MaddSEmisi.— GwSogf of llianri. Aftm. Ge&i, Jnin.. /n/., 
^□L. K*t| (iSjfiT, 

E c,, J, M. — TJie Geology of N^wlli-F-ist Ainm. fits, tW, 

isri'. /rtrf., toL uiij pi. f 

i/j. A- Scwud and A. £i. Woodw»;d. — fto soirie l^Tmu-CifliCffiLreronis 

(Gondwasip) plalfltl *fid TfeJlelirn.lEs from, Kis^mEr, Fa!. Fmdmr, Me* £«s its 
toL ii. pt. 1, p. 4Q (l JO*>. 

i;. W, T. EknfoTd.— 4 >n 'hC e™urapby o£ Gwwiwana-la.m£. 

JCceorJl, Cvrl, Jl/rt-v, ,vnJ., toL jdi, p. Ji 

tB. W, T, Blajifoml.— Tht diUrtlmilioo of VErtebralE animils an India f 
GejIoo, »nd ]iumu r FlrfF Thnrf.L vvA, p, 33.5 (ipni). 

J 9 . M. ]Sai*t.— yn lhe JfldrUi and otlur rocVt Irtntk TaDnaaunrr aji i'p]^ 
Burma. Fit. Gal. Snr-v. /nJ., fol. itiiviln, p, flr (iSpS/d 

E. Vr*t|enbiif[;»^A preoEDqitil a belch, of lh« BalazliSitin dEfcell niwl 
part 6f Eaitem Fiiain, Mm, CotJ, Sum, FiA, toL, bs.".!, JJ. a (19a i). 

11. F. Noellinjj.— T'aun-i of llie Miflottic htdi of Harnsi. Pdi. fad.. 
New 5 erifit, ?ftl. I, pp j fajjaO- 

3 J. R- t>. Oldham,— Keport on lb* Cifli Faitlquabe of Jl^iS l=, ESy?’ 
CriPi. S*n,, lnd, t toL usds AEUrt iTir^i;* of (be Gffnt EjjLIi. 

quj.be. Ibid., tcLiu; pit, e r i^so'i, ±nd 10I. ixi.'Vk pt. a t 1 -? 0 !)- 

1 |, J, W. ETUHr— ^ MeetarilCnlLy forbwtd l.irviEttomcj. from. Jum^^rh 
{KilbLiwif) «nd ollrf Eixaillio. Quart. Jfarrt. Sr«f. Ssir,, **t. P- 5 S& 

14. T, FI. IfolllAd.— 0 o the eon*tltution p oeijra. Irfid dehydintHiDi of 
IjtlEnle. Gt*l r -Wbf,, J*c*de IVj fol. j. p. S9 

j;. A. C. yewald. — On the uaoditian i:T oifillncln p m! O lowoplfi I* in 
Sotiflli Affifti- Quart. Jmnt. Gttl. St(, t yol- 13 i r P^ L S 




CHAPTER III 



MelEnrc 
lofy <sf 
India i\f 
singular 
llllcrttf 



Fjral, mil 
account of 
His y*Heiy 
arid con- 
truEr. 



METEOROLOGY 

A CtHtrni Meteorology of India 

T hi; area dealt with in the present chapter E(idud« ihe whole 
of Tn<]ia proper, with Burma and Baluchistan. It is not a seLf- 
rontaincd area, a* its mctsorology depends very largely upt>n 
the oceanic 3 rea to the south and also, m a slighter extent, 
upon the regions to the north and north-west, more especially 
Central Asia and the Persian area or plateau. The object of 
this chapter is not cnly to give a statement of the larger 
seasonal weather changes, but also to indicate, so far as at 
present pebble, their relation to each other, and their co- 
ordination to meteorological conditions and actions in the 
neighbouring areas of land (UWl sea. 

India probably presents a greater variety of meteorological 
tOhditicn- 5 , actions, and features than any area of similar siai in 
the world. The normal annual rainfall varies from 460 inches 
at Cherrapunji in the Assam hills, and from tsetween 300 and 
400 inches (probably) at suitably exposed positions on (he 
crest* of the \Veslem Ghacs and Lhe Arafcan and Tenosserim 
hills, to less than three inches in Upper Sind. The largest 
rainfall actually measured in India in one year was, inches, 
at fJliCnapimji in i&Gi, while at stations in Upper Sind it has 
been rtil, A rainfall exceeding 15 inches within twenty-four 
hours is of occasional occurrence, and falls exceeding Inches 
are COmpwatively frequent. At one period of the year parts 
of India arc deluged with rain; at another persistent dry 
weather with clear Skies prevails for weeks or months. During 
the rains the air is almost supersaturated with moisture in some 
of the roast districts and in the hiLls, while in the hottest 
weather it is -occasionally so dry La the interior that the 
methods employed for Cfllcublling humidity in Europe have 
given negative and hence impossible results, r ITie coasts arc 
occasionally visited by Cyclones fiercer and more concentrated 
than have prohably ever occurred in Europe. These bring up 
storm -waves that sweep over the low coast lands of Lowct 
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Bengal or the deltas of the Mabitnadi, Godavari and Kisiua, 
destroying the crop*, and drowning (he inhabitants hy tens of 
thousands. in one season of the year India is the #C£ne of 
the WOai wonderful aatf rapid growth of «getS.tion ; Ln another 
pciLod the same tract becomes a dreary hrown sunburnt wAsti, 
with dust laden skies and a heated atmosphere that is almost 
unendu rabte even by the natures of the con nlry . The transition 
from the Latter to the former ptia-re over the greater pent of the 
interior often occurs In a feu* days. In one year the rains may 
be so distributed as to cause a severe and extensive famine 
Over «verat Provinces, notexiiitaling for months afterwards the 
continuous relief of mtilions of the population ;, in another (he 
meteorological conditions moy be 30 favourable that the crops 
far mare than buBxx for the normal food demand. 

1 11 d : j again presents a noteworthy combination of tropical S«wnilly 3 
and trmpciBte region conditions, Tropical heal, beavy uutd 
frequent rain, and fierce cyclones arc prevalent at one period tropud 
of tire year - while moderate temperature and rain, with shallow 
extensive storms — conditions resembling those of South-eastern j^n «ir. 
Europe — obtain at another. did™. 

In the third place India is par fxndfcnct the area i n which Thirdly, 

the contrast of what are termed monsoon phases or conditions “ 

is exhibited most atremgly Over a largo area. These conditions Bwmttd 

arc the prevalence of dry land winds, with Little cloud and 

. r . _■*. „ . . , * . condith™, 

ram, during ooe half of the year, and of wind-, of oceanic 

OTigin, with high humidity, much cloud and frequent rain, 

during the other half, 

j 1 Tig work of meteorological observation was begun by the Initialled 
East India CTocopiLiy at the end of the eighteenth century, 
Observatcuiirs t>F the firel rank were established at Madras in of mebaoto- 
at Simla in 1840, at Bombay in 184 1 , and on She Jj^Vva 
Dod*betU, Peak (Mlgiris) ill tS 47- The observatories at 1™ £n d 
Simla and Dodahclta were dosed after a few yeare 3 wort, but inquiry 111 
chose Of Hijinbay and Madras have been continued, until the 
present time and have furnished most valuable series of 
observations. Observations (chiefly of temperature and rain- 
fall) were also taken at many hospitals, hut in many cases 
- these were carelessly recorded and are ef little scientific vaJue- 
The progress &f ipinstGrrrolagka) inquiry in EngLand, and its 
utilization foa the purposes of storm warning after the Crimean 
War, suggested (he com meiKremenl of systematic meteorological 
observation in India. Isolated and independent Meteoro- 
logical Departments were slatted by four of the Provincial 
Governments — in Pen-gal in [&S5, in the United Provinces in 
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[ 46 ^, iti the Punjab in 1865, and in the Central Provinces in 
1868, The Bengal Meteorologies] Dcj»rl.menr wai initiated 
chiefly for the purpose of conveying wflmir^a to the port of 
C?JcutU; (he other three for supfilyinR information lo the 
Local medical authorities, in the hope (hat it might enable them 
to trace out the relations between weather and disease. These 
local departments, were of some xenrice in collecting meteona- 
[dricrI data, hut they were found to be of Little use for the 
investigation of the larger phases anti changes of weather in 
India. The Government of India accordingly decided to in*’ 
[wriali^ the system, and sanctioned the neces»rj apartments 
for the extension of the work of observation to the whole of 
I ltd ia, for the adoption of uniform met hod s of observation, and for 
the Systemat ic di*£W&KLOh of the observations as a whole. The 
Imperial Department thus formed plural under the control 
of a scientific officer with fell powers to carry out the sanctioned 
reforms-, lliis change was effected in 1874-5, and the present 
system has thusticen in operation for thirty years. At the end 
of ryoa die following obwrwtortB were in existence ;— 

A niagnttie and meteorological observatory at (ioJaba, 
Bombay (of (he first tankji- 

A solar phy sics, magnetic^ and meteorological observatory at 
Kodailspal, on the FaLnj hills in Southern India {of the 
first rank). 

An asrirorrtftrical and niewotoEogical bbservattWy at Madras 
(of the first rank). 

A central meteorological observatory {of the fits* rank) at 
Calcutta {AliporeJ-, where all instruments am tested before 
issue and their corrections to the India standards deter- 
rntned- 

231 mdoorcitogical observatories (of the second and third 
rank) maintained by the Government of India ot by 
Native States working in oo-opmuion with the Govern- 
ment. Twcnty jhrec of these arc mountain observatories 
situated at elevations exceeding 5,000 feet, the highest 
being those at Lch in KashmEr (elevation 1 1,503 feel), at 
Kydang ([ovofij), and the Chaur Peak (11,300) in the 
Punjab. 

?,3yo lain gauge stations, recording and report! ngTrLinfall only. 

The gazetted Staff Of the Depailnvent includes— an addition 
to its bead, who is Director-General of Indian observatories— 
the Directors of (he KodaikfSnal and Coliba observatories and 
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ihc Firft* Assistant MetcoioLogicaL Reporter to the CoYCinment 
cjF lndi;i (all of whom are vrhuL* ti me officers) f the Provincial 
Meteorological Reporters at Allahabad, Bombay, Calcutta, and 
Madras, of whom the three latter issue Provincial E tally 
Wealhci Reports! and an Assistant Meteorological Reporter 
in charge of the AlipOrt central obserwatory; 'I'he five officers 
List mentioned asre half-time officials, who hold other appoint- 
ments in the Educational or Telegraph departments 

her many pears the Indian tegion, including India [woper, India naL 
Burma, the Arabian Sea, and the bay uF Rental, was considered 
ns alt independent meteorological area, in which the weather i Q[ r'iciL 
was supfiosed Ifl he determined chiefly, iT not sold}', by the "«a. 
conditions within that area. It was assumed that India was 
protected on the north by the lofty hairier of the Himalayas, 
and on the west by the moderately high range of the Suleimans, 
from the Cold winds coming from northern regions, and that 
it was only esposed, to the influence of eqUaiotial sea currents. 

The presence of thrs northern mountain barrier docs un- 
doubtedly exercise a very considerable influent e 0°i the 
meteorology of India and more especially h if Lhe Indo-trangetic 
plain for a comparison of the UtmptratErtt dib t>r Northern 
India with these of the south and centre oF the United SULea in 
the same Latitudes indicates that the intervention oF the Him;i 
layns increases the temperature oF the Indo-tiangettC ptain from 
to 5 ° above what it would have- been if a low-level plain 
trad extended northwards to the Arche regions. Nevertheless, 
as will be seert later on, metuorolo^ieal conditions in India 
generally are very 1-iiTg^ly determined by outside influences- 

The physiographical and geographical features of India are EtayuD.- 
oF great importance, Eh so far as tfc*y modify more Or less 
considerably the lower aer movement, and hence the distribution or Lmlin, 
of tempt Tat u re, pressure, humidity, and rainfa.l ; and it is 
necessary to bear them in wind in any scientitw- discussion of 
the meteorological conditions and actions. of that country. 

India is the middlemost of three great Asiatic peninsulas 
which project southwards into the Indian Ocean, and wliich 
are more or less dependent on that ocuKi for their broader 
meteorological features. It consists of a peninsula proper (to 
tlx south of latitude aa n N. or the Tropic of Cancer), and of 
a broad low alluvial plain the axis of which runs cast and west. 

1 AWi if AVj'AtF-,— The spulimiifu snrl praeld sflfideruty (if the Indian 
Muieoroloi'iut Depxrtmicnl i« -doc mAihly tfr (women w4inti*V4 WKWi^ily 
been it its hr nil --Ml. II- F. DJaaEenI z.nd Slf John Eliot, K.C.I.E., the 
latter d whnoi has conlributed lilt WiAIttinl Far (he present cbajitrr. 
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The Peninsula is of comparatively tow elevation and InJft a 
haokbonc at hills, near the west coast, from which the land 
slopes slowly eastwards '. To the north of the Peninsula is 
the low plateau of Central India, graduallf falling- to the ex- 
tensive Indc-Gangetic plain, which nowhere rises, except in the 
immediate neighbourhood of the hills, above &oo feet. To 
the notrih of this tstrnsivc plain is the lofty continuous barrier 
of the Himalayan mass, the Central aiial range of which 
average^ over 20,000 feet in elevation. Farther north is the 
elevated Tibetan plateau, an extensive area 2,000 mites in 
length from cast to- wst and a 00 to 500 miles in breadth from 
north to south, averaging over 10,000 Fret in altitude. The 
continent thence falls northwards by a succession of slopes to 
lhe Andie Ocean, to which it presents a vast low unbroken 
plain similar in general character to that of the corresponding 
plain in North Ament*- Any general air movement on the 
TibeLan plateau would, if it extended into the plains of 
No] therfl India, have to rise 10,000 foot and then he preci- 
pitated in cascade form over the Indian hills. Them is PC 
evidence of any suiTi geoeiak movement in the lower atmo- 
spheric strata. Actual observations indicate that the air motion 
Over the Western Himalayas is mainly an interchange between 
the hills and plains due to local actions and conditions, and is 
not lh* continuation of general air movements over Central 
Asia, cr the Indian Ocean and its two arms, the Arabian Sea and 
the Ray of Bengal. Any such general ah movement is confined 
to the middle and higher atmospheric strata. 

Again, the north-west frontier of India proper consists of a 
series of hill ranges, running north and south, forming the 
escarpment of a plateau stretching westward* for at least t,ooo 
miles into Western Persia. The average elevation of these 
ranges north of JacohUbdd is at least G,ooo Feet, and of the 
greater pan of the plateau to the west 4,0“ to 5,000 test. The 
lower air movements upon that plateau, aie not at any period 
of the year continued over the frontier ranges into Northern 
India. There is a drift down the passes, but it is insignificant. 
Hence the important conclusion that India is, in its lower air 
movements, cut off towards the north, nnith-c-Ait, and, north- 
west. Northern India is a: one season the goal cf ihc sea 
winds that blow in the Lower strata, and at another season the 
voucce of she land winds tliat blow from it to the neighbouring 
seas ; but the origin of these movements is not to be found 
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directly in the heating and cooling of the large central area of 
Central Asia,, as has been stated by some meteorologEstK. 

It will, however, be shown later on that the cold weather Omwfc 
rainfall in India is larj^e-Ly dependent upon (Harms ■which ■ 

originate in the AtgAtr atMMphwe to tin: nOrth-wret of India, c«'l nJj^ 



and that the distribution ol the monsoon rains is in part 
dependent upon conditions in tho distant Indian Ocean, and in 
[iart Upon Conditions in East Africa, the Persian area (probably); 
and perhaps to a slight extent Central Asia. 

The primary fact m the iiLeteturoldfcy of India is the alterna- 
tion of seasons known as the south-west and north east 
monsoons. If the Indian Ocean Ostended hori hoards over the 
whole or greater part of Asia, the air movement, and meteoro- 
logical conditions generally, over the area lMitween 35“ S. and 
.] j L ' Nr laL would, be similar to those obtaining in the corre- 
sponding belts of the Atlantic and Pacific Oceans, North- 
east winds, would blow steadily ind permanently over the 
h&rtherrip And sOUth-eAst winds Over the sou them half. Between 
these two systems of winds there would he a narrow belt near 
the equator, which would move sightly northwards or south- 
wards during the year, and in which variable winds, with 
frequent squalls and showery weather, would prevail, These 
wind, systems in Lhe Pacific and Atlantic Oceans are due to the 
targe and permanent differences ol temperature lietwcen lhe 
tropical aiwl ]»lar regions. Over lhe lrelt of high tcm[icraEure 
in these oceans near the equator there is a more nr less eon 
tinunus ascensional movement, and an outflow in the upper 
atmoSpliere northwards and southward:: with an indraught from 
north and south in the lower strata. Pressure is lowest in the 
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are* of squally weatlnir And variable winds near the equator, and 
increases northwards and southwards to about 3^5° cw 40° N, 
and ft. las.., noar which latitudes high.prpssute belts or rmtrow 
elongated aTcas lie over these oceans. 'Hiese pressure fijaiun^ 
are as pemnaneut as th< trade winuK, 

The presence ol the Asiatic continent, extending from the 
neighbourhood of the equator north wards, modified die air 
movement and pressure conditions very largely in the Indian 
Ocean *rtd seas, and converts, in the northern portion, a 
permanent into a periodic, or monsoon, arr movement. During 
one period Of the year Central and Southern Asia is much 
cooler (from 15“ to 35° in the winter months), and during the 
remainder of the year its temperature is considerably higher 
(probably from 10“ to 15* In the summer months), than the 
Pacific and Atlantic Oceans; id the Same latitudes. These un: 




THE IXDIAX E. UPIKE 



ftortfitMt 

nud scuLh.- 

[ULlI- 



Sobdlvi* 
didih. tf 

HiDII- 
foiir: uila 
Iwo 
[hIitShJw. 



I'tGHqff 

cnadidarxi 
in Ahb and 

Ocenn Jqj- 
i~.|7 cnH 

imtilllSr 



r io 



[CHAP, 



the fundamental facts of temperature (hat underlie the esplaiaa 
tion of the monsoons In India. 

The noith-ca&t monapcm is a season of winds of continental, 
origin, and thus of groat dryness eBCtpt where they have passed, 
over seme extent of sea, and hence in India of dear irr lightly- 
clouded dries and of lit-hL occasional mid, du* either le fee hie 
depressions ht to tonal disturbances. The south-west monsoon, 
an the other hand, is a season of winds of oceanic origin, *f 
high humidity and of frequent and heavy rain over nearly the 
whole aTt'a. The average annual rtinfaEL of India, aa determined 
etui:: I he returns nf about 2,000 stations, is 45 inches* of which 
neariy 90 per cent, fall* during the south-west monsoon. From 
this point of view the terms dry and wet motWOfl SfCffl to be 
more apprupriatHS, as Au^cstin^ the most prominent and impor- 
tant feature of the seasons in the land area of India. r l"hc dry 
monsoon, which La-sts from, about the middle of December 10 
the end or May, may bn divided into two periods, one of com- 
paratively low, and the other of increasing and high, tempera- 
ture, The former, the cold weather of Northern India, includes 
Lhc months of January and February, and the latter extends 
from March to May. The wet monsWrt may also be sub- 
divided into 1 lvO perirvls. The first, from June to September, 
is the monsoon proper, when general and heavy rain falls 
occasionally or frequently in nearly all part* of IrtdrSC Thfr 
second is the reLrarting monspon period, when the area of 
rainfall contracts southwards, and the intensity and vplum? of 
the fad diminish, limit the humid currents pass out of the 
Indian Zand and sea -areas and withdraw to- the equatorial 
belt ■ this period extends from October to December, 

The north-east monsoon air movement [5 fully established 
over the Indian Land and sea nrCSS by the beginning of January, 
when temperature i* lowest in the Asiatic continent A belt-Of 
high pressure and asiti<yeSdnLc conditions then stretches horn 
the West Mediterranean to Central Asia and NuiLh-east Chins, 
This corresponds to the belts of high pressure in about latitude 
30 l N, in the Pacific Arid Atlantic Oceans, but lies farther 
nGJLh. Pressure decreases southwards to A belt a Little to the 
south of the equator, And l,hence increases agatm [« a b^wd 
belt stretching from South-west Australia across the South 
Indian Ocean to the Cape. The northern belt of high pressure 
appears to separate complexly the region traversed by the 
storms of Northern Europe {most of which enter from the 
North Atlantic) from the areas of the local storm* of the 
Mediterranean Sea, Persia, and India, and limits to the north 
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what may be lenDsd (be Indian monsoon region. The press un? 
conditions evidun Lly nccompa nv and dg.Lf him i« northerly windy 
(deflected to north-east in ccynsequeneo of the earth's rotation) 
in the Indian geas, and. south -easterly winds in the centre of the 
Indian Ocean, The mods in the land area are modified by 
ibe trend and elevation of ihe mountain ranges, and by the 
direction of ihe mountain valleys, Temperaluie begins to rise 
in general in the month of February cjv^t thu Asiatic continent, 
but (beebrtnges ate usually small until the end of that month- 
Hcnoe the normal air movement and [iressuto conditions are 
practically the same during these two months over the whole area 
between ht. 40'' £. and and the air movement in iLiii 

large area virtually consists, of two independent circulations, 
The rough sketch below shows the general character of die 

VERTICAL SECTION ALONG MERIDIAN OF 7(J C E. 

IN j.VKUilttY 
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pressure Conditions And air ■movements in those areas. The 
meteorology of India during this period is only concerned wlLh 
the actions and changes in (he- northern circulation. Thu 
Central Asia high pressure or anticyclone, although intense, is 
itVSjfectiv* SO far aS the faw*r air muYtmertl in India is con- 
cerned, as it not only lies over very elevated ground but is 
shut olT from India by the Himalayan barrier range- 

Clear skies, fine weather, low humidity, large diurnal Tango SksLrfi u i 
of temperature, and light land wind* are tin- chatacltrii^jc 
features of the weather in India during this jx-riod. 'I'htriL.- indio. diar- 
condilioirOs are as a rule initiated in the 1' unjab in the beginning *np cd-d 
Of October, crtCcnd slowly eastward* and southwards, and ” 
finally prevail over the whole Indian land and xea area to the 
north of fat. N, before the end of December. The months 
of November and December are, on thu whole, the pleasantest 
of th* year in hJorthern India, The air movement in Northern 
and Central India in from the west down the Ciangclic jdain, 
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recurving across Bengal through north-west and north, and in 
the Bay of Bengal,, where it is from north-east to east- "Iliis 
latter movement ls continued across the Peninsula from the 
east, and passes out into the Arabian Sea. The west coast 
districts from GpjairSL southwards acid the adjacent jfe* area 
are, however, protected from thi.i general movement hy the 
Western Cihlt^ and hence Eight to moderate laud and sea 
broerti!* Ol Haiti in a well-marked form an these districts. The 
most noteworthy feature erf the air movement in India at this 
time is ihat j| is from practically opposite directions in Northern 
Indaii and m the Peninsula, lit from the west in the former 
and from the east ita (he latter aTca. The intermediate belt, 
which includes the greater part of Khindcsh, Ber5r, fthd the 
southern half of the Central Provinces, is, as niighi he expected 
under these conditions, a region of light Unsteady variable 
winds. It is also the scat of the taqgost deviations from the 
normal weather conditions ^murc especially of temperature), to 
which attention will bo directed later. 

The most interesting featu^ of the northern wind system 
aj this lime is the return of [he upper air current; over India 
from the south (deflected to the south-west and west -south- 
west by the earth's rotation). It is the continuation of the 
ascensional movement of the humid currents in She equatorial 
belt, which have previously passed over a large extent of sea 
surface, but which, by the action of ascensional movement, 
have been deprived of a Considerable portion of their aqueous 
vapour in (hat lack, This current is not fully established 
until the end of December, by which Lime the circulation of 
(he south-west monsoon has been fully replaced by that of 
the north-east monsoon. 

Struma of These facts i-nplain to some extent the character of tire 
lht |h!t' ii * CT1I,s 4EW ^ disturbances of the period in Southern Aalsi, A 
fH-rioil— succession of shallow storms passes eastwards across the 
pheMiMni Porsian area and Northern India during [his period. These 
storms are not the contifluation of European disturbances, 
mure*!, and are land-Formed, The precipitation accompanying them 
is small in amount over the greater part of (he aTca they cover, 
but is very Eai^ on (he higher elevations of the mountain 
ranges to the north, including the Hindu Kush and 1-tLmlLa^ax. 
A unique feature of ihcse storms is the formation of brief 
Subsidiary or secondary depressions in the Timjab, accompanied 
by moderate to heavy- rain in the plains, and hy violent gales 
and heavy snowstorms in (ho middle and higher Western 
Himalayas. 
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These storms are attended! with remarkable tenyKrature 
effects. Temperature usually rises very cunsideralily in front 
of them, owjity; in l^irt to the prejanoe of cloud which 
diniinrihes largely the fall of temperature by night, and in 
part to the shift of winds to easterly and southerly directions. 

In the rear of the -storms unusually dry clear weather obtains 
A± a rule, with stronger and cooler westerly winds than usual. 

This change is, of course, trmptia^i^ed hy the previous rise of 
temperature over the same area when it was in the advancing 
quadrant Of the istorm. Temperature occasionally falls as 
much as ao a or even 30° in forty-eight hours in Baluchistan 
and NorthoTil India owing to the passage of these warm and 
cold waves. It should, however,, be noted tliiit these lenspefa- 
ttir« changes are more directly related to the extent of snowfall 
in the neighbouring mountain and plateau jutfts than lu the 
intensity of the storms. 

The few cloud measurements (hat have been taken at 
Allahabad and Simla during these storms establish that the 
cloud, and hence the field of condensation, in these storms 
is at an elevation of 15,000 to zo.oop feet- The distribution 
of the precipitation, and the occurrence of stormy winds and 
weather, not in the plains, hut in the mountain districts of 
Northern India, indicate dearly that the storms arc disturb- 
ances in the upper hrnnirl, and not in the lower dry land, 

Current- The great majiurirty uf" them Originate cither Mr the 
Syrian desert area or over the Persian plateau, and usually 
begin to affect Baluchistan and North-western India in 
December- They are, in tlwlr full development , ft phenomenon 
of north-cast monsoon or cojd-weathcr conditions only, and 
are, compared with the itorms which visit NorLhem Europe 
at this time, very feeble disturbances. The barometric de- 
pression in the primaries rarely exceeds two' tenths, and in 
the secondaries five-Lcnths, uf an inch. The number and 
character of these Storms vary very largely from year to year. 

The conditions determining these variations have not yet been 
fully Investigated ■ they appear to have no relation to the local 
conditions in the lower atmosphere ovet India. 

In Nonhem and Central India periods of bright sunny W either in 
weather, with dear or lightly clouded skies, aLtirpiate with H 1 ^^ 
periods of cloudy showery weather accompanying the passage vtithci 
of the shallow extensive cyclonic or cold-weather storms of f er - rHl - 
tbe period ; and light to moderate showers fall in the plains 
of Northern India during (he advance or passage of the 
storms. In Rajputana, Central India, and the Central 
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Provinces I he tain is much less frequent and mote local in 
occurrence, and usually a coo m panics thunderStOtms, Occa- 
sionally severe hailstorms occur during the passage of these 
cold-weather stGnrts across Rijputana and Central India, 
and do much damage to the poppy ^ T * ie 

influence of these storms rarely e*(ends to the south of the 
hilt ranges tying across the head of the Peninsula. On thu 
other hiind, the north-easterly to easterly winds which blow 
across the Coromandel coast districts ate mure or less 
largely charged with vapour, due to their passage over 
a considerable eaten t of sea area in the Bay, with the result 
that some cloud prevails in Southern Indra during this 
1 1 o t i i j i. ] _ especially over snd near the hills. I he intermediate 
Irfli, including the Konkan anti the; Dcccan, has less cloud 
than- any other part of Indio, at this limt- The cool north- weit 
%inds in the rear of the storms advancing front Persia and 
passing over Northern India occasionally extend acute* the 
north -east Of the Arabian &ea, and, reduce temperature 
considerably as far south as G-W and KArwflr, 

Piieipitn- During thia season the rainfall i) very small in amount 
lion of th* flVCI Rurn^ and practically mi over the greater part 

of the FcninsttU. The rainfall ih Northern India ia greats* 
period, in the submontane districts and decreases in amount with 
increase of distance from the hilts, 'file chief feature of 
the precipitation i* the heavy snowfall in the Western Himalaya* 
and the higher mountain ranges of Afghanistan and Raiuchistan, 
It increases rapidly with afevullon and probably exceeds on 
the average 30 feel at 13,000 feet of altitude, and varies 
between that amount and -at li^ist 60 to tOu feet over the 
higher ranges- 

Fine weather prevails generally in Southern India at this 
period; but occasional showers, frequently accompanying 
thunderstorms, are received in the coast districts, and Oh 
the Pal tli, NllgirL, and Atiajmatai hills, usually immediately 
after the breaking up or disappearance of the more vigorous 
cyclonic storms of the period in Northern India, when strong 
north-east witvds flow down the Bay and Are continued as 
easterly winds across the CoTomandd CMS!, This is, it may 
he pointed out, one of the many examples of a marked contrast 
of conditions between northern and IrtipiCal India. Higher 
temperature or cloudy weather in oti* area often accompanied 
lower temperature or weather finer than usual in the other. 

Il has been pointed out that there b a debatable Irtel 
between the areas oF westerly winds in Northcrri arid Central 
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India -and of easterly winds in the Deccan. I Itsir^ (lie 
period from November to February the rainfall in this tract, 
which includes Khandesh, ber,ir, and the southern half of the 
Central Fravlnett, is usually very scant}'. In normal years 
heavy fogs. or mists occur nightly, eonijibuling Lively to 
the progress of the great wheat etoptt of these districts ; but 
rn jears when the cokl -weather rains are late and scanty, 
temperature rises very largely ahoru the normal in this area 
and fogs arc then comparatively rare. 

“Hie Mfitrond half of the dry season include* ihe months Mcujorm 
of March* April, and May- During this period increase nf 
temperature in the northern region, more especially iit the half of tb* 
Indian land area, accompanies a fair]],' continuous decrease 
uf pressure ; and decrease of temperature in the southern toe*,*™. 
return, including the Indian Ocean and adjacent land areas 
of Africa and Australia, causes a slight but continuous, 
intensification Of the southern anticyclone referred to an 
]jage i to. J~hcsc pressure changes accompany corresponding 
changes in the two air movements. Tire south-east trades 
movement increases in intensity and volume, and the north- 
east trades movement not only decreases, Imt tn to some 
extent broken up, by the establishment of local circulations in 
India, and perhaps in Arabia and East Ainu a. An important 
feature in connexion with these changes is a slow transfer 
northwards Of the equatorial low-pressure bell. This north- 
ward advance is probably due difefly to the strengthening 
of the soutliem. acid in slight part t-o the decrease of the 
northern, circulation u It id noteworthy that during this period 
the area of general rainfall due to the south-east trades is 
LmaisfcTrtdl northwards from Sou lb- cast Africa to the Equatorial 
Labes region of that continent. 

The conditions existing during the first half of the dry 
JlWuxOon season begin to he modified over ihe whole land 
and sot area a-f India in the latter half of March, owing to 
rapid incrcs.te of temperature. NorllvOftsl winds continue- in 
the Arabian £ca and Bay of Itengul, but fall ofT in slreogtlL, 
and in April and May light wind-, obtain iij the centre and 
south of the two scss, more especially in tire Arabian Sea, 

Very large and imponant changes in the pressure, tempefaUJHS} 
and humidity conditions arc initiated in tlw interior of India 
during these two months. Temperature increases rapidly and 
steadily L t and pressure diminishes fmri fizfsit, over the heated 

1 ll ii Httlficawy, aa (lit wbul«. In disfnsmi^ Ibc inet40re1ojpuDt 
erxnlicloiis rn-l ttnnj-E* aocompajiying (tit pjcffllona \A LneiefljJn m n*|it 
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kntf tiu, owing to thtr transfer of air to neighbouring cooler 
legions, more cipociaJly the sea areas to the south. India 
ttiua becomes a Jow-pncssiarc area relative to the adjacent seas. 
The depression is very slight ut (its!, but increases Ln intensity 
Cb ’.ii,;tj of v.' i [h the advance of the sta^ort. Tht most i mportatU local 
11:411111:3 ia tSlEs liS“era.l depression are the fonniititHi omd 
and Lit development of a deepish lovopnsniK focus or sink Ln the 
movement hottest area, including Upper Sind and the adjacent districts 
jMnjinc of " the Punjab <md RlLjputOnii, and the formation of h shallow 
Itval in- depression in Chot5 pj5gput, There ls thus increasing local 
icmpt'rii’ indraught from the adjacent seas across the Bengal and 
inrc in Bombay coasts, which ls, however, only dearly marked over 
tind*&r u comf^ratively narrow belts round the Coasts Landward* and. 

seaward?- These belts slowly increase in width, with the 
season ; but in the Arabian kc-j the belt, even in May,, probably 
dues not at tlio ntmosr eatend more thart joo miJcs seawards, 
thus Leavhig a large -■> rest of li^ht northerly or variaEile wiod# 
in the centre and sooth of that area. In the Bay of Jitngul h 
on the contrary, the local sea wihds extend, in May over the 
greater part or the whole of its area, in consequence chiefly of 
its comparatively small extent- There changes convert the air 



high teinprrniars la eaauikr the mini til Itin day temperiLure as the bent 
iDilicao^h of | hr tlilthftity of i lie ibErmi] conili tiara end r t : r ^ . “hr- r":'iL- 
lowlflg (Jl^rt 1 l.n.,-: ijrnlenienL far IDE meat hi from Februar y ifi Junt i,f ihc 
mirimum day temperGlurt -.': .-. n .1 i I j ■ Ln tire fiklmr of India, 

In f iSi tiaty the mean rii4d mural EulnpCraLure naps Tram a mean afflfi- 
ir I lie Northern Furjuib Li> l:;l' iif -yo " la in line llcctin .i ij LntffUir <>J 
Saul horn India. ft increases is a/j., -A nu pfonl ik 1 in l lit Lr.tL: r nren, 
Anil EiUijfSA hit'* ton that Amount Anri yth -1 in Ihe ZViirtlLejMi Punjab. Ja Afrt-il 
it rini;i-s between Ittf 1 nnd raf* aver by far Live greater [inrt of the iiLtenui 
ni India escepL the dimjIi-h^L and huiiBiahEnlm ilirtricli,. 'file n:on af 
greatest day lfn.|^i:iEum; lx [nmvfrrncd in ibis- :n j r. I h ta [Ire Ceatrxl Fru- 
YinicSa.ui' tVexLfni l&jpntana. In Mny the — ionr. niuiiiiiLn, day (iBAjreridirc 
varies between i ucd i i dP aitr lire greater part o\ the inter; sr. and rhe 
thermal raeui. a? Pit pM 4 trf greatest. lempecatare wav Icnntd liy Ms 
Uaulon!) now indedea Upper .Sind, I he £ovl.li-we;:c?ni I'ujijab anil Hdjpii. 
(Una, Ln patlx nf which, it iSIghtLy e*c«d& lief. Jo June th* Jji^hry; nwan. 
znaxklnure te hn pent art’s art, nv in >lfiy. between taj* and. | to* t:L annul In 
ucampuEDliTety Email area inc'uding rks W^tvrn nod Saudi wtslem Punjab 

D.'ld U | : ]HT SJlril. 

The bnllcsr men in India just before thr InvDiim or tli* =nu-:b-wei,t mnn- 
s oo a rctEeiiiu is Upper HibiL dth! lIif idDutb-weecrrv Funjalj, ay reprcYrnicd 
liy the abservnlaries v. JacahuliDi and MonrgtJmcry, The botleit period 
is Dsiully ilit ir.-! week ol May or the first v.«t: of June, just befare rh* 
6o« DdYDDce nf the Bombay nteinsocii op of nurM t&A Wfilern 

tCtvbl. The higlitil nin alm him day tumperaLuie jiLhcilo [ErurdEfL in. India 
is J i6", at J*cobdbail. an the 1 3 III af June, ■ f^p 7 . 
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circulation tel India And (he adjacent seas from a general into 
.1 locftl movement, marked hy strong hot winds down the rk£r 
valleys rh Nurllwm India as well as hy the strong sea winds 
above mentioned. It is no longer part of (he previously 
established iKJrth-eiist trades, tiot is it, as some have maintained, 
the commencement of the JiOuEb-vie?t mnnrwon. The [period is 
undoubtedly a tratiMtioiy from (Ike g£c»eral sir movement of the 
jiOrih'easL to that of the south-west monsoon, but the final 
transformation occurs under conditions, and in (Ire manner, 
chptained later. 

In normal years, India fo nol disturbed during Ihe hot Stunuicf 
weather months [.March, to May) by storms appearing in 
Central or Western Asia for this is the only period of the i^oj, 
year, it should Ire remembered, in which India is, 10 a InTge 
erdent, an independent meteorological area. It is in conse- 
quence of this isolation that the storms of this period sto local 
in character. They are due to various large actions and 
Contrasts of conditions aceomranyir^ high temperature, large 
diurnal range of (■^nperaturc-, mid great contrast* of humidity., 

These storms all he long to a class which may he termed hot- 
weather sLorms. They include the dust btqrma of the dry 
heated interior 1 (the Punjab, Sind, Rfl.jputSna, and Lino Gamgetic 
plain), and thunderstorms in the regions m which there ss more 
or less interaction between the damp soa winds and die dry 
winds from the interior, vii. Assam. Bengal, Burma, the west 
coast districts, and the Deccan. Hailstorms ore more common 
in Assam than in any Other part of India. They sign OCCtir 
frequently in Central India, and occasionally in Bombay, 
Rajputftna, the United Provinces, Bengal, the Central Provinces, 
and Sind. They ure of very occasional occurrence in Upper 
Burma, Hydcrlblld (Dcccan), and Kitthiawlr, and rarely, if 
ever, wear in Mysore, South Madras, Malabar, ih$ Konrad, 
and lArwer Burma. The interaction or the dry and damp 
winds is, in Bengal and Assam, supplemented by the action of 
the hills, in giving rise to vigorous forced ascent, and those 
thunderstorms, or ' nor r -weRtees ' as. they arc locally called, are 
of frequent occurrence, and occasionally of great violence and 
intensity. Sonwtirnes they develop into tornadoes, the urOSt 



' Sdinetinnci Tinder very ipecLtk MiLditloriS, AS in the iw ijoj, a spi«. 
fif fftM-wcnthf-r cornu. attniLnacs iw cross lk.Endiis.jD r.ml Koritann India 
ui Marcl. 

1 These Ait lonAfllmjLj hm rn«ly, fc6»ffl|MUltd hy AtttnfcMive hail. 
In ihe Merida and liiiJilunc. of April *o, jSSB, at least vjp wrsni v. tir 
kilted. 




THE EVDl,LY EMPIRE 



[chap. 



The wd. 
■enron at 

■nan&cuwi. 



1 iR 

intense form of ‘jiiiaLI remaii'iug whirls. These arc rarely more 
than a few hundred yards En diameter, hut advance Tepidly, 
■overturning and destroying Tituses and Trees* and rinsing 
great destruction of life and property. Their path of destruc- 
tive violence i* *eldftni more lhao 5 to to miles in lenpth- 
They are computable in violence and intensity with the 
tornadoes of certain districts of the United States. The rain- 
fall due to these hot-weather stonns b very important in 
North eastern India, especially in Assam, whore it is of grt?at 
service for the Lea crop. 

These storms, which art peculiar to the hot weather, are 
evidently due to tile vigorous convective air movements of the 
period* and usually occur in the afternoon hours when these 
movements are s-tronges-l . Their frequency and strength 
inertias#, as might ho expected, with the advance of the season, 
and with the increasing intensity Of Ihc thermal conditions and 
actions. This is very clearly shown lay the following data f&r 
the rainfall of lire period in Bengal and As^am : — 
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r E'he amount of aqueous vapour in the air increases slowly, 
but fairly steadily, during this, period, owing to the increasing 
influence and extension into the interior of the sea winds. 
This increase is most marked En the coast districts. In the 
interior the humidity percentage decreases considerably icp 
consequence of the rapid increase of tempo ralUrt, and the air 
is as a ruLe CxCted'-ngly dir in the afternoon hours during I h 1; 
months of April and May. 

We have hc.'.t In deal with the south-west monsoon- In ilu: 
first or cold-wL^ther period the wea-lher in India is mainly 
determined by eoniinentaL, and in the second or hot-weather 
period by local, conditions. During the south-west mOnsuori 
the weaihef is determined chiefly hy oceanic conditions* which 
wc have now to consider, 

The firtt portion of the wet *caaon, from June to krptember, 
witnesses the extension of the south-west monsoon currents 
Over the whole of Indh, ,ind Ihei* ]icr%istence during these 
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months as rtifl-givmg currents, Thi* is the season of the 
south-west monsoon proper. It is the moil impo riant season 
Of the Tffitr, aa it is upon lhe amount and distribution of the 
rainfall of this, period that the prosperity of at least fivc-sistths 
of India nuinly depends. 

Accompanying the rapid increase of temperature in the 
Asiatic land area in May, pressure generally decreases, so that 
at the end of May the Asian Winter anticyclone has been 
replaced by a deepish low-presSHre area, the axis of which 
stretches from the Stldan to bind and Western HqjptnJnl and 
thence to Bengal,. and in hence farther south than the median 
line of the winter anticyclone. A graphical representation of 
the chief pressure conditions in India and the Indian Ocean 
in May is given hclow. Au ^omi'nired with Lhat given on p. ml 



Vertical Sttnoji auiwi h£ eh. i deam of 70*“ E. 

m Mat 




Flu. 1. 

it indicates the replacement of a stable by ap unstable system. 

Finally by h spa^modii: and strdden bur*, due chiefly to the 
momentum of the current and the diminution of resistance, 
and hence to tit a terg# and not to indraught towards the low- 
pressure area in India, the equatorial licit closes up, and the 
south-east circnlaiion extends northwards SOW the equator 
into the two arta.s of the Arabian Sea and the Bay of Bengal, 
whence it advances more or less quickly into the neighbouring 
land areas of Burma, India, and Abyssinia. 

This advance -in many respects rescmbles f on a large scale, 
what the “bore' in a river like the Kwgbly is on a small tou'h-ewL 
One. The front of Lhe advancing current is in each of the tr *dtr ^ 
sea areas mvariabty an area of very disturbed weather, strong 
winds, and frequent heavy rain squalls. Often a cyclonic hito the 
storm forms in this area And is when it occurs the most : 1 

characteristic fesLgre of 1 lhe advance. The Storms in the areas. 
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Arabian Sea usually advance parallel to- the coast until they 
reads the laLLtude Of Bombay, when they generally recurve 
In the west and march to the Arabia coast, where they break 
up, Occasionally they form farther west and advance past 
Sukotrt into the Gulf of Aden, These storms are on the 
whole the most dangerous that are encountered by mariners 
in the Arabian Sea. The most disastrous in recent yeim 
die Aden cyclone of May jo to June j, p-SSj, in which 
the English S&. Speke Hoi', the French man-of-war Rrriard, 
the f'.erman corvette Augusta. and numerous native craft 
were lose with all hands. The storms in the Bay of Bengali 
unlite those of the Arabian Sea, advance landward and usually 
strike the Bengal or Orissa coast and ihence march in direc- 
tions between north itid west, giving mote Or less general 
rain 1 . If the humid currents arc strong they tiuickly spread 
over the whole of India, and the transformation from the hot 
weather to damp cloudy rainy weather is effected ift a very 
sh&ti period During the next three or four months ihe 
horizontal air movement over the- Indian Ocean and seas 
in;o rhe adjacent tind areas is converted over India into 
an irregular ascensional movement accompanying Tainlall. the 
actions connected with which not merely maintain the low 
pressure established by the high and increasing temperature 
in May, but intensify it to some esteid in June and July. The 
figure on the opposite page represents the lowflr gradients 
and air dreulation in June, July, and August over the area in 
question- 

Whcn this current is established over the Indian seas and 
adjacent land areas, a continuous air movement extends over 
the Indian Ocr-an, the Indian seas, and adjacent land areas 
between latitudes 30" 5 , and N., the southern half of 

1 It m; b!» t* nened ttut itonni rccnxianiLUy fnn:i in lb£ ■-■1 Jisr,|J»l 
and the Arabian £<a tvpvr/ [he en*b1|flh.Ta™| i?T the Tccnsotm nmols in 
[b(rK tw. They are: initialed andcr difltnMiC OMiditfona, but ere (in rhe 
whale sinihr id ch-afUVtef, 1* Ihe October cyclor.es. These i(u[ms are 
MU*t|y nenemaed in Ihe crtlts ef Hie H»y after a period «f light urattidy 
winds and but vultty wer.tbeTi osnl hence pmbulily of the nvcuiiiuUllou of 
tnucli aqueaas vapoiir la ihe Mr hy evi .paratLcm. They it iiral odvaoss very 
slowLy, Uv.t ilK««* cauLHlenbly in velocity *(. (bey Approach ihe £4*11- They 
auully move v-ustwSids la tti? Madras cent nr north oortl: -eas: wards to ill* 
I'ctfi, w Ankan consul. It J» *fry teewAaHt: 1 1ml ihfK Hormi sernelicie* 
form In it vent yea's in VPCWtiian about the ua: lime arid a-JvirwiC 
the umt hVjli L . Tor example, She- inch vlarm. h*.1 formed dcrlng foUl uul 
*1 (he live years ending with lyci in Ihe last, week erf April or the fint 
CvMnight erf May and has maidted aLvng; lliG tame £en*rH (rttvli (4 lie 
Bunco ooim. 
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which is the aCrtilh-eAst trades and the northern MU" (he 
southwest monsoon currant. The strength of this movement 
differs very considerably in different parts of FtS area of 
cAteni-ion, owing to various causes. The most important fact 
is (hut it is a continuous horizontal air movement fn the 
fewer atmosphere that occurs mainly over in extensive 
tropical oceanic area, in fho greater part oF which it ij passing 
from cooler to wanner areas and in which weather is generally 
fine with clear or lightly clouded sites. Hcncc when if enters 
the Indian seas and approaches the coasts of Southern Asia 
the air ts highly charged with aqueous vapour. 

The *OUth-eaxt trades, previous to their extension across C™pkr 
the equator, arc largely directed to the African coast, and 
give more Or less general rt in, during the dry monsoon period use southi- 
of India, in. South and Hast Africa. During April and May ,ftfl D,Clfl " 
the rainfall occurs most largely in the Equatorial Lutes area and r ^ tl _ ' 
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adjacent district*. This rainfall produces the first seasonal 
rise of the Wile in May nod June- Hie CstOnsrOn of the 
southeast trades as south-wesi windi over the Arabian Sea 
is foElowed by a divers-ion of re part of the inonswm current 
to Abyssinia and the Sedan. Tin: rainfall in the mountain 
districts of Abyssinia is similar ;n period and character tb 
that t)f Northern India- 3 ir \V. Willcock* estimates ihai 
an average of do to 70 indies falls over that urea from 
June to September, This gives rise to a much higher 
and greater flood in the Nile than docs the rainfall in Central 
Africa. The Nile floods, hence teach ihcir culmination in 
September. 
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Arabia, sw far as Es known, sEiiues only slightly Eh the 
Arabian Sea, monsoon current, which Ls chiefly deflected cast- 
waitls over the centre- and hence parallel to Hie Arabian. coasL 
Some of tlae higher regions in Southern- Arabia, mote especially 
Yemen, receive moderate niin during the period. Feraui, 
Afghanistan, and Baluchistan are practically outside the sphere 
of the monsoon ctiTrents. 

The Arabian Sea mo n soon current is mainly determined 
to India, across ihe Bombay coast. The Bombay current 
prevails exclusively over the Peninsula, Central India j KJSj- 
putSna, and Northern Bombay. Another portion of the mon- 
soon current pasties up the Bay of Bengal, and part of it 
enters India proper, giving tain to Attain, Bengal and the 
Gangetic plain. 'Hie volume of the Bombay current is- pro- 
bably three times .is great as that of the Bengal current. 
The remaining portion Qf the current In the Ray passes front 
the Andaman hea across the Lower Burma coast and up the 
river vaLLey of the Irrawaddy, giving frequent rain to the 
whole of Burma. Siam and South China receive mo&t of 
iheir rasnfall during the same period; bust this, j| would seem, 
is due chiefly to an influx from the China Sea and the Gulf 
of Siam, and nM from the Indian seas. 

It will thus be seen that the south-east. trades, after they 
have crossed the equator, pass in part northwards up the 
Arabian Sea and in part up the Bay of Bengal, dividing 
into two semL-iudcpenrteni movements- Each of these again 
gives rise to two separate movements, one to the west 
Hit Other to the cast. Abyssinia and Burma are each served 
by one of these F<>Ue subdivision^ and India proper by two. 

The; following paragraphs doacrilie the action of the Indian 
monsoon cuTTcnts in greater detail. The current in the south 
of the Hoy of Bengal is from west-south-west to south-west, 
and is therefore at this stage largely directed towards Burma 
and Tennsscriin ; and pnofcibly at least one-third of its volume 
proceeds to that area, and is cither forced across the Ten&s- 

rim hilk or passes up the Imwaddy valley. The remaining 
porliph advances up the Hay and is deflected westwards by 
ihe action of the Arakan hills, with the result that at the head 
of the Bay ihe mean direction of the air movement is front 
south-east and fcOUlh- The advancing currant chiefly onuses 
ihe coast between Chittagong and Puri, and comes almost 
immediately under the influence of the Assam hills and the 
FA*tcm Himalayas. That portion of the current which |:os$e* 
into the ail dt int formed by the Assam and Chittagong hills 
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is, Forced upwards, and gives excessive tain (Lire heaviest 
probably in ih«? world) to the southern, face of the Assam hiLK. 

The remainder of the current is deflected wt^Lwands, owing 
largely to I he action of the lofty harrier of the Himalayas, 
to the Imcr ranges of which it gives almost ctiily rain along 
its whole Length from Sikkim to Kashmir. The field of this 
portion of the monsOOn current is therefore Assam, Bengal,, 
and tlse greater part of the livdoGa'n&ctk plain. It is more 
■effective as a tain distributing current than the Bombay 
current, as it is not directly Impelled against and across 
a line of hills, and forced by ascent Lo |Hrt with the greater 
part of its moisture before 1 Teaching tho interior, but advance* 
up a broad liver plain, the Elevation of which increases very 
slowly with distance from the 

The greater portion of the Arabian Sen current cm reaching Ar.iliLin 
the Uombay coast is directed from west -south-west to "at^'' 
against the west coast districts. Over a targe portion of that 
area it meets with an almost continuous hill range, from 
3,000 to 6.oco or 7,000 feet En. etevaiion and rising abruptly 
From the coast, and is forced across ih l>y the momentum 
of tho whole current- Tins Forced ascent cool* down Urn 
air considerably, and gives fisc to ficquent and very heavy 
min Upon these hill*. Heavy nun, too, "'allfi m tbfr low ccast 
districts, the total averaging roughly too inches, nearly the 
whole within about four months. The currom, after depositing 
the greater portion of iLv aqueous vapour tn the cM*1 districts 
and the western face of the fl-hlt^ advances across the 
Peninsula, giving strong winds hut Only OCtMfoml rain lo 
the Deccan, and passes out into the Bay of Bengal,, where it 
nilxfl^ with the Ray currant, giving rise to occasional squalls. 

The northern portion of the west coast current, which crosses 
die K;ithi;liwn t, Cotch, and Sind coasts, passes, over the sandy 
plains of Western Rijpftfin*, and gives little rain, except in the 
coast districts, until it Teaches the Arnvalli hilt tunga. It 
thence passes on north eastwards and northwards, being 
deflected from the hottest and driest area (the Sind permanent 
low-pressure aiea of the period) by the action of 9 He earth's 
rotation, and teaches ihe Eastem Punjals, where it imcrminglts 
with the current from the Bay and is in part deflected west- 
wards, and in part forced upwards, by the Himalayan range, 
where the two CUtrCnta Combine (0 give moderate to heavy 
rain in the Eastern Punjab, Lastcrn HA jputdna , and the Western 
Himalayas, 

An important feature of the period, not yet noticed, is the 
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dtlmtable area in the south ■of tltf Indo-fiangctic plain be- 
tween the independent fields of (he two current*, It usually 
si retches from Si rsa, through Agra. AILahabJd, and HaTil rihlgh. 
into Orissa, and may be termed the monsoon trough of low 
pressure. It is characterized by lower pressure, arid by the 
prevalence of much more variable and unsteady but stronger 
winds, than (he areas immediately to Elio north &r south. 
A very marked tendency eii^s for cyclonic storms forming 
in the north of l ho Bay during the period to advance along 
ihi^ trough. It Ls mainly due to this that the ¥*infoit ii locally 
heavy in the rice-grtming drilricEs of the Central Fravinces. 

The normal dates on which the monsoon currents advance 
into the larger Provinces of India are giten below r — 
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The dates do not, as A rule, vary much in the coast districts, 
but range over a considerable period in North-wester n India. 
The rutHisOOn is Usually established Over the whole Indian 
area by the end of June. July and Ai^gust are (he months 
of greatest evtcosinri of the currents to the northern limits 
uf the Punjab, and of heaviest and most general rain. The 
strength of the currents, and the accompanying iionfall, begin 
to diminish in the first or second week nf September and 
decrease rapidly during (he latter half of the loOnth, 

Pulmtorv The period of about three tnonchs during which the monsoon 
utiractcr llsua ||^ nbta ins its full strength is, however, not One of CuntinuobS 
pi^yi of rain In any part of India. Marc or less gcncraL rain is received. 
Hie p. rio.l . dsiring periods varying very considerably in length, with in(ex- 
vais of tine weather and passing cloud* in the interior and 
showery weather in the const districts. In other wntds r bursts 
Of general rain alternate with break*, partial or general a* the 
o4s* may be. r l'his is due to what may be described AS the 
self-feeding actions accompanying rainfall. Some ascensional 




METEOkGLOt* 1 ' 



'«] 



”5 



movement is requisite lo cool the air Eri order to give rise tg 
condensation and raiit The process of condensation releases 
energy, which strengthens the asansLonil movement and hence 
up to a eartain point increases the Tiihftll. It however dtains 
5 iid partiatly exhausts the Atmosphere oF aqueous vapour. The 
raiutliiS then diminishes in amount, and p&i jmss* ih* ascen- 
sional movement di.'C nesses, Until the rain Fall ceases or has 
become 3 oca] in character and distribution A short period 
of lighter winds of indraughi follows, with a slow accumulation 
of energy, in the humid currents over the south and centre of 
the Indian seas. This is followed by a repetition on a small 
stale of the actions accompany infi (he lust great advance of 
the monsoon. In other words^ the strong humid winds in the 
Bay tend (o press forward by their mwnenlttm, and squally 
rainy weather sets in over the front of the current, A Cyclonic 
storm fonns* and the Storm, with the strong humid winds in 
its rear, advances landwards and gives another burst of heavy 
and more or lass general min. The p-u'satory character of 
these actions And of the min precipitation is one of the 
important features of the mOrtsMn ptriud- 

Tbe majority of the storms which form in the 33ay cf Bengal CpJunic 
during this period rarely develop so far as to hive an inner 
calm eentraL area, and only about one storm in fotir is of ^nm 
sufficient intensity to give winds of force jo (gale) or upwards'. af 

They are chiefly rennarlsAble for the rapidity with which they ' ‘ 1 

form and begin to move landwards, for the heavy min they 
distribute to (he belt they traverse, and for the general niodcrale 
rain that follows during a few days .Over (lie greater part <?F 
Northern India. They are thus of great inqwrtancc in the 
economy of the seaSOh, As they noL only modify considerably 
ihe rainfall distribution, but are apparently flit essential element 
in the dynamics of the current for the production of general 
tainfa'll. In some parts of the interior, ram Fall during the wet 
monsoon occurs Only in connexion with chose cyclonic storms. 

The great majority of these 5 toTim advance far into the interior, 
into Rijput&m of the Fun jab. In Fact their vi La lily is one of 
thdr mwt characteristic features, Their tracks depend largely 
upon the distribution of pressure at the time of then advance. 

They almost invariahLy march in a west'JIOUh-westerly direction, 
except at the commencement and near the end uf the period, 

1 Tfterc LX m Lvndeuey te lut. rfiivLl rniu lit llic Ueucor. xn-1 the southern 
diaLricES- dtttlflg there periodi-, nn example of the oyjnyii I Ion of ccorliti ii,-. 

Olid ildirttw th.Lt frequently juhpn? bc1w«ra Xurfiicnv ind 3n*11icrn India. 

1 IteiUlort nod-irion. 
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when i hey occasionally advance north wands into Bengal- The 
great majority form in the north of the Bay, and occasionally, 
under special corditfoiis, over HoutLi Hcogtl, whett their origin 
is associated with concentrated heavy raim 

The following table shows the general distribution oF rainfall 
wonth by month from May to October. These Ato the- averages 
of a large Mum her of stations not equally distributed, values 
which are only approximate but sqffiaetttly exact for the 
purpose intended. 

Ih 1*» 

Majf ■ ■ i r J d - j - . ■ 



Normal 

riirdilj- 
Mtf IQ 
Octobri 



July tP’JA 

Avgn« , ■ D'f* 

SipfemtiCT . 

Cidalwr i 3- ■ JS 

Tolit 

Art iirt[>orLant feature of the rains is Che miTted tendency to 
uniformity of temperature, cloud, and humidity conditions over 
by far the greater part of Irtdii, This wiU be seen from the 
following data for twelve representative stations in Indi& for the 
month of J uly ;— 
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Viriailets, As itpo south-west monsoOn curtail* Are the direct con 
ol the tsnuaiioti of the ^o-uth-cast trades, it is n priori probable that 

or tbr " they will more or less reproduce any large variation in the, 

vu*i1i-wmI strength and character of the latter. The data for estimating: 
liicnenu the; intensity, volume, or humidity of these l^o great currents 
retain! i* are, however, too few And uncertain to be of any value for 
detailed comparison except as regards the accompanying rain- 
iians la the fall The evj^erierlCe of the past nn years bus shown that there 
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sa from this stand poinl a close conneskm. Thu jwiiod iSgs- saml-eiit 
igoj was ant of almost continuously tteficiHM rainfall in Tntlio, 
and of severe draughts in [frgfi and r ik same period y Lei „. 

was not uric™ sLy one of scanty rain and draughts in Australia, 

And of severe droughts in different parts of South and liasl 
Africa, Mauritius Suffered ftom drought in the years 1 4^96—97 
and ] Rijo- ] qoo, or immediately subsequent to the scanty 
rainfall in T n<lii» Shat h to tight no the famine* nf iSy.7 and 
1 got). It is not possible la make a more exact comparison 
at present ;. but the evidence LS sufficiently strong to justify 
the Conclusion that deficient rainfall in ihe smuLlwiasE trades 
region in the period November to April is preceded or folio rod 
l>y a weaker HUth wett munsoon than usual, more cspccLaiLy 
in the Arabian Sea branch of the monsoon lUtniit^ The 
rains are in such yearelAie In ihdr establishment over Western 
and Northern India, and the lionibay Current retreats e*rik:t 
than usual and gives considerably Loss rain than the normal 
Over the whole area dependent On it, Tn such years Abyssinia Stnintoll In 
usually suffers equally with Western India, ns it is now fully 
established that years of drought in Western ot North-western AbysditLi, 
India are almost invariably yeart of Itfw Nile IbXKl, "I "he *PI 
relation is further conlirmed by the fact lhal years of heavier wiy, while 
rain than usual in Wustem India aco also yeais of high Nile ia 

flood. It is also found, as might be anticipated, that the 
precipitation in those areas due to the humid south-west tmt Em™, 
monsoon currents is net invariably distrihuwsd in ibo same 
proportion. Local conditions in one area may be more favour- 
able than usual and ita share is hence increased. There are 
no data available for Abyssinia, and tire variations in the 
height of the Nile floods are net sufficient evidence, as they 
are probably due in ]UJrt Only to the Abyssinian rainfall. There 
is* however* marked opposition between the rainfall in .Burma 
(and to a Less extent in HengaL and Assam) and the rainfall 
in North-western and Western India, 

The table on the next page, giving the annual variation of 
the rainfall in different areas fron i£;-8 to lyci as compared 
with the strength of the Nile flood, illustrates the preceding 
remarks, 

India moreover; larigc local variations from the normal Vimtku 

distribution, of Lbc iainEall. When such is lb? ease, it is found ™ 
that the current and rainfall are determined largely by the ah- uJnicastiM] 
normal pressure conditions set, up during ihe hot weather and 
hence antecedent (JO the arrival of the rains. The currents arc 
directed more largely Utah usual toward* any area Over which 
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there- 1 1 if, been for some time previously a EdceL dcddcrXy, and 
less largely to areas, in which there is from nny cause a local 
eKccsa,. of pressure, These cmndilionS Cause a variation of rain- 
fall ftom the normal in the earlier stages of the moniOOIV via, 
relative excess in one area and relative defect in another Ttl» 
special ram fall distribution tends to maintain the pressure and 
other conditions which determined the initial set of the cur- 
rents and consequent rainfall, and hence the areas of increased 
rainfall continue to be areas also of deficient pressure. Such 
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persistency of abnormal pressure conditions Is one ol' the most 
striking features of the meteorology of I ndia, a od it is mainly 
for (his reason that the study of pressure anomalies in India 
must be the basis far any successful system of long period or 
scasonaS foietasis from meteorological data. The continuity 
of pressure anomalies is sometime* persistent throughout the 
whole monsoon period, bul occasion ally interfering Actions occur, 
such as snowfall in June or July mill* Western Himalayas. 
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One of the mote potent influences in modifying the pressure IjiSueins 
conditions antecedent to the advent of ilie monsoon is late and ^^ lLL 
prolonged Snowfall in [lie E L im&layan regions. Mr, 151 an ford iiyu nra 
first fuJly investigated the question of the Strength of the mon- llertiifclL 
soon and distribution of the- monsoon rainfall so far as it was 
modified by Himalayan snowfall, and upon an incorrect idea 
O f his conclusions lias been based what newspapers term the 
snow fill! theory of the variations of the monsoon rainfall, Ac- 
cording to this theory, snowfall is either the predominant or 
Ihe Oflfy important factory scanty snowfall preceding a strong, 
and excessive and prolonged amvwfalt a mnre nr less deficient, 
monsoon. 'Ibis snowfall theory is, however, tt&t a theory of ihe 
Meteorological Department- All that Mr, Eton ford established 
was til rat, in certain cases which he investigated, heavy and late 
snowfall in the Western Tfimilayai was followed by a late and 
scanty IncwiBOorij more especially on the Bombay side, and 
that the relation held so closely io these oases that it might 
bo used as Alt empirical guide for forecasting droughts. 

The relation was employed successfully m ibe last period 
of excessive and prolonged srtuw in the JlimMayas io fore- 
cast drought in Central Rljputina and adjacent districts 
in i &p r. 

The preceding remarks ihrOw I hat the distribution of the 
iiionsoun rainfall in India is not a simple hut a very ample-* 
problem. It depends upon u large number of factors, every 
one of which must be taken into consideration if a rational 
eipJanatEun of the variations from year- |o year is to be given 
and in attempting to forecast foltire conditions not only must 
each large factor be taken into account, hut proper weight or 
value must be given to each factor, It should also be remem- Pftvlfar 
be red that rainfall is, as a meteorological factor or element, fancier 
quite different from pressure, letiipCriLture-, and air movement. s&a diq- 
Tl 1* a discontinuous element, the only d-iseoniinnOuS element c: ii-i- 1UQ|15 
of importance a* the present stage of meteorological discussion. 

It is, however, found that the relative qt local distribution of 
any OnO south-west monsoon rainfall is similar in character 
throughout the whole period in about four years out of five. 

The applieaiitm of statistical methods Ijascd on this general 
fact or principle (which may be termed the persistence 
o-f weather or meteorological conditions) will, ii is hoped, 
continue to give mare and mom exact and numerous 
relations^ all of which w-ill be oF use For seasonal forecasting 
in India. 
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The following H*e (he most important va rutkfU of the 
period and distribution of the rnem*oon rain* front the hOF-mal 
which may occur : — 

((} The commencement of the rams may he considerably 
delayed over the whole or a large part cf India, This 
is, on the whole, most frequent in Northern Bombay and 
North-western India. In 1677 the commencement of the 
rains cm the Konkun coast was a fortnight later lh*fl the 
normal, and in 1B96 # week later. 'Hie delay was moM 
marked in the year 1900, when il amounted to three 
weeks in the Kon-kan, KattiiawSr, and the Central Pro- 
vince^ and to nearly * month Ln Central India and 
EJjpiitBjia. 

{3) There may he a prolonged break lasting over the 
greater pan, or the whole, of either July or August (most 
usually August), Thu*, in 1IS0 there was a br*aL from 
August 14 lo September 3 Over the whole of North-western 
and Western India. In iflSj (here was a break bating 
nearly six weeks, from July 19 to the fourth week of 
August, in North-wcstem and Central India. 

(j) The rains may terminate considerably earlier than usual. 
The economic effect of this is occasionally very Sorias. 
The absence of rain may cause the chief crops, eg. rice, 
10 drv up. with the result that the harvest m*y Util either 
partially or completely. In rS?4 it* rains ceased hi 
Bihar early in September. In 188J (hey terminated 
about a month before their normal, date over (he ereater 
part of Bengal. Similarly ert i&jti they ceased four weeks 
earlier than usual in North-eastern India and six weeks 
before their normal date in the Central Province*, fn 
T859 (hey terminated four weeks, and In 1901 more 
than a fortnight, earlier than usual irt the Central 
Provinces. 

(4) The rains may, m above observed, be directed more 
largely than usual throughout the whole or great port of 
the monsoon period to a given area and less than usual 
to another, This is the mast common variation, examples 
OCCU rrtng every y ear, For example, Assam, Eastern Bengal, 
and Burma almost invariably have heavier ram than 
usual when the fall is very deficient in the efl£t of the 
Punjab and the fiangctic pdairu 
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The following chart a □own clearly iho normal distribution i>| DuLribu- 
tbe rt[nfa]] of the period 



Chart F-Fiowcst; I'HE Normal M-.tiwi- all jw Inched jw TkE 
Pi-ATK? or Ikuj.a, i.e. at Stations uulow 3.000 peet ts 

tt-EYAT ]0.k n DURL3C fill! rtfttEJIl J LiSE TO SKPTEM DEE 




The second half of the wet season forms a transition |>wiod Tbs me- 
Jeading up to the establishment of the conditions of the dry , 

sjfesion. |>urmg (his period the urea, of non till contracts and Dioniixifi 
extends southwards and diminishes Ln intensify* hot is deter- p™d 
mined by (he same wituji or lie clu rents* md by the same 
general conditions, as in the preceding period, June tn 
.‘September, The transition front the wet to the dry season 
commences in the latter part of September and is usually not 
completed until the third week of lJccemb£T t It is first 

Jl 3 
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exhibited in Northern India, and frequently follows upon a final 
burst of rain £n4 thunderstorms accompanying thfc mart!i of 
a cyclonic storm from the head of the Bay. The skies clear 
with the dis^rdcrt of the storm, and tight and dry westerly 
airs replace the damp -winds which previously prevailed. The 
night ipmp!' riiiurfi decreases considerably with the increased 
dryness of the air, and the day temperature increases slightly 
on account of the absence qF cloud, Hence the mean daily 
temperature is at first almost unchanged, hut the diurnal range- 
is largely increased. 

'I’lle Northern India humid current retreats down the 
*■ Cangetic plain and across Central India by a series of inter- 
ffl-itteut- stelinne As a rule the lower air current of the wet 
monsoon withdraws from the J n unjaL> in the Ihird week of 
September, from the western half oF the United Province* in 
the East week of September, irom the extern half of the United 
Province* and Bihar in the first or second week of October, 
anti from Bengal and Upper and Central Burma in the third 
or fourth week of that month, 'l’hc dey land westerly winds 
during this pt^iod e*tend eastwards down the Gaugei-if. plain, 
and at the same time increase slightly in intensity, and are 
usually established dm 1 the north of the Bay, and the whole 
of Northern and Central India, before the end of October. 
While these changes are in progress in Northern India and 
the Bay area, similar alteration* occur in Western India, and 
Ihc Arabian Sea. The scuth-wesil humid current usually 
obtains at the beginning of September over ibe whole of that 
area, but decreases in strength and probably also in elevation 
and volume, ft begins to retreat from the head of the Arabian 
Sea, Northern Bombay, and R^jput-lna, in the second or Lhlrd 
week oF September. This prooesa, as. in the corresponding 
retreat of the Northern India or Bay Currant, occurs by a series 
of mtermitlerrt actions. The rains usually cMK in Central 
India at the end of September, and in Berlr and the Central Fro- 
■vincts in the second or third week of October, Thu further 
repeat of the Currents in both sea areas is marked by novel 
features, mote especially in ihc case of the Bay -of Bengal, 
These features art most *oiily explained by reference to the 
pressure changes- 

During the south-west EiicmtOOu proper pressure is Io*tc$I 
i m a bek across the Persian Gulf, the north of the Arabian Sea, 
EalueliistSH, Sind, ILastcm HSjputHna, and the southern districts 
pf the United Provinces- M ibe air temperature diminishes, 
at first slowly asid then rapidly, until the beginning Or middle 
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trf December, the aii contracts over the pooling area and theta 
is also a fiuji in the higher regions from the Areas to the south, 
i.e, the Indian Ocean. This double .ad ion pauses a continuous 
increase of pressure over th* Indian land area, largest in amount 
where temperature decreases moat rapidly and pressure was 
previously lowest, i.e. in Northwestern India- The k)w-pres 
sure Conditions previously prevailing in India arc thus almost 
obliterated by October, when pressure is remartahly uniform. 

The Only important feature during (he remainder of (.he itcriod 
is a residual shallow depression stretching eastwards and west- 
wards across the Bay and Arabian 'Sea, -with slightly higher 
pressure in the Deccan and South Indian areas. This depres 
sion is slowly transferred southwards during the period, end 
lies over the centre of the Bay at the beginning of November 
and over the south of iht Bay at the beginning of December. 

The humid current of the retreating South wfil monsoon, 
continues over the area to the south of the belt and varies 
very largely in strength, When it is vigorous, it recurves round 
the eastern portion of (he low-pressure belt and extends west- 
wards in the area immediately to the north of it- At the 
same time, and as part of the gen-mtl actions, a cyclonic storm 
forms and passes westwards, carrying the humid currents of 
the reUrftUing monsoon with it mad giving Heavy rain. In the 
intervals between these actions the westerly winds in the 
south of the Bay are light in force, light variable winds 
with fine weather prevail in the centre of the Bay, and light 
to moderate north-easterly winds In the north and BOrth-west 
of the Ihty. Periods of lino dry wealber thus alternate with 
periods of showery and disturbed weather in (he east coast 
districts of (he Peninsula, 

The monsoon current recurves at the head or tEie Bay and nscnrv.i- 
in Bengal, in the same general manner (i.e. through north and ^ 
north-west to west) as during the south-west monSQOn proper, ftnt in 
The rmirvature is now, however, dre not to die destructive ° c E I * er 

_ t .... _ mb n*t]“ 

-iCtiGti -O-i mountum ranges, but to special pressure CGncubOrtS mnUr 
in the Bay, The retreating south west monsoon gives occasional lowuds 
or frequent general rain during this [ieriod to the Madras coast. 

In October and (he first half of November the precipitation Midm, 
occurs chiefly in the North Coromandel and CireSis districts, 
and in the second half of November and December chiefly 
or solely in the South Coromandel districts* In the second 
or third week of December the belt of low pressure usually 
passes out of the Bay limits into- the equatorial belt, where it 
forms a permanent feature of the meteorology of the Indian 
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Ocean during the next five months. The heaviest and ItlOSl 
genera! nun lull during this period accompanies the passage 
of the cyclonic Storms of t be [jeriud, which almost imanably 
advance westwards or north-wWtward s to t he Madras coast. The 
Bay island* and die Malayan peninsula receive occasional Tain 
during tbi* [itriocl, but to a less extent than the Coromandel 
coast. 

Similar conditions probably obtain in the Arabian Sea. 
The humid current retreats slowly over the southern half 
of that area in October and November., and is in slight part 
directed to the Malabar' Const, to which it gives octagonal 
rain. It is probable that a belt of slightly lower pressure 
than elsewhere demarcates the northern eveension of the 
current, which recurves to west and determines more or less 
general Tain from Lai. id a N. southwards to the eastern coast 
of AFrica, and also in the Equatorial l-ite. region, the area of 
rainfall [flfjsing slowly southwards with the advance of the 
season, Cyclonic storms Occur trineh less frequently Ln the 
Arabian .Sea llum in the Bay of Bengal during this ektu<I. 
They rarely form in that sea, but advance into it from the 
Peninsula and Bay area. 

The humid current in the Bay continues to cahihit the 
same intcimittcnl or pulsatory character 0* in Ure wet season. 
Periods of rain and strong winds alternate with periods of dry 
weather and light winds, Each period of general and heavy 
rain is as a rule initiated by the advance from the Bay of a 
cyclonic storm, which gives concentrated rainfaft over long 
tiarrowis.il hells of country. 't hese bursts of ruin. OCCtlf at 
Longer interval's than irt July fttvJ August, owing to the 
deereasir^ intensity of the humid monsoon current. It is, 
however, interesting, ns an example of the opposition »'!uch 
frequently characteriKW meteorological actions, ihal the ante- 
cedent conditions of uniform irressure and temperature and 
light variable winds during the intervals of line weather 
between the rain periods favour the stow incubation or Storms 
in the centre of the Hay, with the resuh that they are occa- 
sionally very intense and violent in character. The condition * 
are, im the whole, favourable for the formation of the 
mom severe cyclones in October, when the humid currents 
that provide the motive power arc stilt of moderate strength. 
These October Cyclones are examples of the most intense 
tropical: storms. They differ in several respects from the 
cyclonic storms of temperate regions. They are usually of 
small extent, occasionally net exceeding son miles in diameter 
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Hence the shifts of wind accompanying them ?ue very 
rapid and dangerous 10 vessels, and October ts the most 
critical period of navi Ration in the Bap of Bengal, The 
pressure gradients are vety steep and the winds Of hurricane 
intensity in the inner storm area. The precipitation is excessive, 
the rain rising commonly described M 'Calling in torrents.' 

The most characteristic feature in the worst storms is an inner 
central area, of calms or light variable winds, occasionally to to 
20 or even jo miles in diattiel£T, which iaienn&d by Sailors L lhe 
eye of the storm. r The transition from the calm area to the 
belt of humcane minds is usually fenced ingty rapid- Another 
characteristic feature of these cyclones is the piking Up of 
a mass of water in the inner storm area and area of lowest 
pressure. This advances with the storm and strike* the coast 
as n ' Stflrrn-WAve. 3 Tire effect of this in .flooding the coart 
districts depends Largely upon the phase of the ordinary lidial 
wave at the time when the storm-wave strikes the coast- If 
the storm-wave sirikes (he <W*L about Mgh water or shortly 
after It may produce the most disastrous results, flooding low 
eoast districts in a few minutes to the depth, of ten, twenty, or 
even thirty feet above tidal high -write If level. In such an 
inundation, caused by a storm-wave which spread up the 
Hooghly in tyjy, jag,cmc- [M^pti* arc said to have perished, 
but the mimber is probably exaggerated. The SlOriTI-wAVC 
accompanying ihe CalcuLla cyclone of October, iSoa. drowned 
50,000 people and caused immense destruction of shipping. 

That accompanying the Baukcrgungc cyclone of I#?* watt one 
of the most disastrous on record; probably over 1 00,000 
people were drowned in less than half an hour in the islands 
and low districts at the month oF the fiver Mcghna, while 
an equal number died Irani epidemics of fever, cholera, and 
Other diseases which almost invariably follow a storm- wave. 

The total height of the wave was in some districts as much 
as 3* to feet, Cyclones of the moat dangerous type Sjtc 
fortunately me, not more than one, on the avenige, occurring 
in five years, 

A moderate to rapid increase of pressure in O^iotMT follow . Eiutl ur 
ing tire Iasi burst of rain initiates coid-wcathcr conditions, 
with Anc dry weather, almost continuous cloudless skies, and pemerc 
light variable winds in Upper India, the monsoon current ™ 

being, during the first fortnight or three weeks of that mouth, ^ j4!C u, . 
determined chiefly 10 North-eastern India acid Burma, which 
areM- usually receive moderate to heavy rain. The cessation 
of the rainfall in that area is followed by a rapid local rise of 
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pressure In UppSr and- Cuntial Burma, Assam, and Bengal,, and 
a genml decrease of tcmperxtu.ee ?nj increase of pressure 
continue during the next IwO months. These changes are 
greatest in Upper India, and are -small in amount in the extreme 
smith of the Bay and in Southern Indite Gradients for 
northerly winds Increase more nr less steadily throughout the 
period Ln the Indian area and the air movement increases in 
intensity. North-Westerly and westerly winds obtain in ihe 
llangetlc plain, are -continued as n 0 rt h -easier t y winds in the 
north 4 if the Bay, and extend southwards ora: the centre and 
south of the Bay as the season advances. A. najrow bdi 
intervenes in which winds sfc irregular and unsteady, tanging 
between Mill and east, while further sou th-sGulh-weal humid 
winds continue but decrease ih general strength and volume. 

The most important feature of the air movement of the 
whole period is thu* die dow md gradual withdrawal of the 
south-west humid winds from the Indian area, and the gradual 
extension of the winds of the dry season firnn Upper India 
eastwards and southwards over the whole land and sea area. 
This change Is usually completed belore the end of December, 
when I nit: iwrth'Hflt monsoon winds are established over Ihe 
whole Indian region. The season above discussed is thus 
a transitional period of considerable Length, and is in this 
respccl unlike the brnsilrtiiAl period at the commencement 
of the south-west monsoon. Thai monSOOtl is u^qalLy estab- 
lished rapidly over the Indian axes, and extends over she 
greater part of the whole of the interior in She CQUtae of a week 
or a fortnight. T he advancing current is a vigorous move- 
ment, while the retxeaLing current, and the current which 
gradually displaces it, are both feeble. 

The rainfaLl duo to the decaying and retreating current is 
not only much sum I lex in amount tlk*h during the previous 
three months, but also much more irregular. The whole area 
of North-western and Central India and Northern Bombay 
receives practically no rain during this period. The thin jab 
and ihe adjacent districts receive a small amount, chiefly due 
to one or mm cold-weather storms in the Last fortnight of 
December, North-eastern India and Upper Burma obtain 
light tu moderate rain., chiefly in October, and Lower Burma 
moderate to heavy min in October and the first half of 
November. On the other hand the Madrasi coast districts 
receive their chief rain supply -during this period. The 
amount increases southwards frnm Ganjlm to NegftpHUm, hut 
decreases very rapidly in amount frum the noast to the interior. 
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The imptKrtarU variations Id which the weather is subject 
in this i^esriod are ag follows r— 

A> The number and character oT the storms which form More Lm- 
m the Hay, and henre also the distribution oi Lhc rainfall purmniab- 
aceompanymE the retreat of the smith-wert monsoon humid tures of 
Ctuient, vary very largely f T Gffl year to year. In some years, 
aS for Cample in 1&96, no storm of importance occurs, white f + n 
in others, two to four severe storms or eyefones may he e*- trilm-ilanaf 
pOTClHHL The ywTS I&7&, ilfS&i-pnd iSyi were remarkable P tTlcdL 
for the number of fierce and extensive cyclones which occurred 
during this period. 

B- The character of the Large general and local, pressure 
changes which accompany the gradual withdrawal of the 
monsoon current in India, and which appear in part to deter- 
mine and in pan to be determined hy rflinEalL, varies largely 
from year to year. Thus an abnormally targe increase of 
pressure in October over North -western and Centra! India is 
almost invariably accompanied by ab*enefc of rain In the 
D OCoJIn- Similarly. a -delay in the establishment of the high 
pressure conditions in North-eastern India and Burma accom- 
panies, and in part n t leas, determine*, 3 prolong' ion of 
rainfall in that area to the exclusion of the Peninsula. The 
late rains arc then nor only delayed in that area, hut arc 
scanty and mote irregular than usual.. 

The most important variations from the normal of the 
rainfall distribution of this period may be summarized os 
follows ;— 

(1} Prolonged rainfall in Burma, Tcnasserim, and ihc Bay 
Inlands, and consequent deficient rainfall in Madras and 
the Deccan, 

(a) Early termination of the rains in Burma, accompanying 
increased rainfall in the Bertinspla, 

{3) Deficient and scanty rainfall in the Deccan and Northern 
Madras, accompanyi hg normal Or increased rain in 
Southern India. 

(4) Early termination of Lhc rains in both the Burma and 
Madras areas* doe to more general actions and conditions 
than the local conditions in the Indian area ; I hew have 
no: yet been fully investigated. 

(;) Early commencement of the cold-weather rains in 
Northern India, almost invariably preceding prolonged 
stormy weather with much snow in the northern mountain 
ranges. 
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//. Sjtfeial Remarks on Raw fail in India, and 

Drought j 

The air le always mcie or 'css charged with aqueous vnpour. 
The amount is measured (in English mea Kurts) absolutely by 
lie weight in grams pc? cubic fool, and varies greatly with the 
season and with the elevation and petition. Id the Bombay 
and Hengus toast dLstriel?, during the height of ihc wet mon- 
soon, it is about 3o to r» grains per cubic foot ; whereas id the 
BnLoricir of India during the driest periods it is not mote than 
four grains per cubic foot, and occasionally even less, 4 Rela- 
tive humidity' is humidity in relation «j (empcTature, and 
indicates hour far the oir departs from saturation with respect to 
aqueous vapour. 

Upturned air can always he cooled down until the space 
is saturated ami further cooling gives rise to condensation. 
There are funny complex problems CCnhOcted with the pro- 
cesses of condensation and r-.iin.Knll> but the main actions are 
simple. Ascending air always cools down at a rale depending 
upon (he amount of aqueous vapour it contains and whether 
condensation is In progress. If the air be not saturated, it 
cools* down at a rate of about i a F. per ?oo feet ; but as soon as 
it reaches the saturation Age, followed by rain> condensation 
commences und continues so Long as rapid ascensional move- 
ment continues. The heat given out in this process acts me- 
chanically on the atmosphere and tends to increase the ascen- 
sional movement The rising air cools d,own t but it a much 
slower rate ihaii | previous to condensation. In this stage the 
rate of cooling msiy he as low.- as i° F, per joo feet. Uptake 
or ascensional movement is thus a very' powerful means of pro- 
ducing the cooling necessary to condensation and rainfaLL. 
There ^to oilier processes, a - for e sample the misitttre of cool And 
warm masses of ai*, hut diCy are probably of comparatively rare 
occurrence and fpddom give rise to heavy genet*] min. Hence 
it may b* assumed that rainfall in a hum id current is chiefly, if 
not almost entirely, due 1o upward movement., which may be 
ini tin ted by various actions. Whatever the initial cause, the 
continuance of the movement is in Large patt strengthened and 
maintained by Else energy hut fret by the condensation of the 
aqueous vapour, and Converted by physical processes into the 
energy of motion of the atmosphere affected. 

Tlu. initial ascensional movement may, ip pari ai Least, be 
due i* the ordinary diurnal changes in progress caused by 
the hearing of the kind surface during Lhe day. When the 
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ascensional movement is very large, an fji the hot weather, ilutin 
it is jiossiblc to get this Action even although the i^urnn U- 

ascending air may li very dry near the earth's surface, This suhr 
is shown by the GOCaniorwl occurrence of showers of rain or ,ctf “' 
hail in the hottest and driest districts. Thcte ls hence j 
marked. tendency, esjieeially in the hot-veal her period, to the 
occurrence of rain at the saute time oF the day. 

The uptake or aseeit-isonal movement may also ha due to Awmii- 
tht njrted accent of it humid current jura in set ;md arrois a range I " r/I — 

t r u movL'fiKni 

eF bills, En.itia.tcd h y the momcMuin of the moving mass in. Unc^fkawaMl 
rear n3»d further accentuated by the rainfall to which ic gives etrrem 
rise. Rainfall is therc-foic- usually heavy on and near any range a „,t IC[Mj 
of hills facing a humid current, but diminishes vary rapidly an ^ 
pussing beyond the crest of the hill range, when the current not 
only ceases to rise hut hifly descend slightly, and has, durittg 
Lhc process of rising over the mountain ridge, been deprived of 
a considerable portions of ih moisture. There is in such case*, 
a very marked contrast between the rainfall on the two sides of 
hill ranges across which humid currenls [hi<s and ihe adjacent 
plain districts. 

Aai:cn.siorKil motion idwj Occur* on .« hog* scale in cyclonic Aesh- 
stormy aud hence heavy raintait is the mcsl prominent fuiturij i " u ' in - 

1 imiTCIDLJlt 

of these Stems in I ndn. The-, rainfall is UMjaiLy greatest in the j„ L j, | un i L 
advancing quadrant of these stones The heaviest downpour iiuraw 
frequently occur in the interior of India and not in the coast 
districts, and more ■especially in the neighbourhood of the hills 
athwart the track of a storm. Tails ranging between au and 35 
inches in twenty-four Injurs occasitroaLly occur under these con- 
ditions. Such was the heaviest fall on record iu the plains 
of India r namely, ;t.y pi indu-s at Rurnca, in Bthir, an Septem - 
ber ej, 1*79. 

The rainfall of the ascensional motion may, lastly, be due to Mjcw- 
the increased resistance to the horizontal movement e*f>«ricrLceti n , 

by n humid currenL crossing a coast and advancing landwards, itue t,> m 
as, for example, across IScngal and Up tilt f.angetic plain. 

This is undoubtedly one action determining a considerable : „ ( , vtr ;, M „ 
portion of the monsoon rainfall. a: the „ 

The above are ihe chief actions producing rainfall lei the 
humid south -west current. Other minor actions might he 
enumerated - T but it is aulfttieqit to refer Lr> Mi. Hlanford’s mono- 
graph cm The Jtain/aU cf India for a full statement and a 
fairly complete mcplanatioii of the causes co-operating to dcLet 
mine the rainfall in each district of India, And alw to some 
UJderit the variations from year to year. 
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A brief amount of the character and distri bution of the rain- 
fall of each of the searKjns faLs ljeeo given under the meteoro- 
logy of that season, Thu following 151 ves a statement of the 
mean or normal rainfall In India, derived from the average 
data of about i.ooo stations distributed somewhat unequally 
over the whole of the courier y :; ~ 



Cold weather UansilJ-FfitirtLarj) . 

H-W w«,tlur {\1 Ardfa Ma.y') 

SftuA-vmt rncosoao (Juf-SqUvnber) 

Meii^ating south-wcit nmn«in J0c1ol>er- December^ 1 
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Of the mean annual rainfall 1 a per cent, occurs during the 
dry, and. as much as M« per cunt, during, the wet f season. The 
ratios differ very considerably in different irarts of 7 mlia, vary- 
ing fnr the dry season from 3 per me nt, In Bombay to rp per 
cent, m Jlcngat, si tier cent, in the Punjab, and. 30 per cent, in 
Assam, These figures show the important* of die hot-weather 
or spring rainfall in Assam, and of the caGd-weather rainfall in 
the Tun jab- Append in A (|t 15.^ gives data for Uie meteoro- 
logical divisions latrfy adopted in the India Daily Weather 
Report. 

The eold’WealLher rainfall la due almost entirely to disturb 
ance and condensation in ah upper current, probably over 
3 5,000 feel in elevation. Hence its distribution is very slightly 
itiodifiod by the configuration of the country over which the 
current Trasses, except over and near the only mountain range 
-officEently elevated lo give rise 10 forced a.>oeiH On (be large 
scale, vit the Himalayas. The precipitation is large over the 
interior elevated ranges, and moderate over the outer ranges, of 
the Webern Himalayas, It diminishes slightly from the Sub- 
montane districts southwards, and from the Punjab eastwards 
co lhh.tr, but thence Increases again ter Assam. It is very 
irregular in its occurrence, bill (he ftOrTnUl amount differs very 
tdrghtly over (he plains of Northern and Centra] India, varying 
from half an inch to one inch, except in the Punjab and Assam, 
where it averages IwG inches. ' 

As already pointed out, the precipitation of (he cold-weather 
peiiod occurs during the passage of shallow extensive depres- 
sions aCHBfr Northern India front weal to easi. These storms 
arc almost the only source of rain in Persia, AfghJnistdn, and 
Baludalstan, and to a lew extent on (he- higher and interior 
ranges of the Western Himalayas. Thu cold-weather rainfall 
ik small in ubnlule amount in Northern and Central India, but 
:s neveriheSL-js of great economic importance over the larger 
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part of that UiU, fts it is upon this rainfall that the wheat und 
Other eold-weaLher crops of the nun-miguted districts in 
Northern India depend- In the districts in which irrigation 
extends the cro|H are practically Independent trf the rainfall! 
but Over the unirrigftted districts, including the greater part 
of Rajputiina, Sind, Central India, and parts of the Bunyah 
and the 'United Provinces,, such cultivation as there is largeLy 
depends- upon the amount and time distribution of this limited 
rainfall. 

The distribution of the hot-weather rainfali presem* much Ifat- 
grratcr contrasts than that pf the cold weather. It due, as w “, h ?7 
previously staieo, to lar^o convective movements over the m 
teritr plains raising air masses, in a sufficient height to pruduce 
condensation, and to (orted ascfcnt of local sea winds across 
hilL ranges in Assam, Bengal, Orissa, and Mala har, supplemented 
more or less Largely by convective air irKrttmenls due to the 
intense thermal actions of the period. The rainfall often 
accompanies dust-storms in the interior, and is small in 
amount, averaging -only about an inch, over Horn hay. BcrSr, the 
Central Provinces, Central India, Kdjputlna, and Ihe lingerie 
plain. It accom|ianics thunderstorms (occasionally of estra 
Ordinary violence and intensity) in Assam, the greater port of 
BcngaF, AraK.au. and Lower and Upper Burma, and is latgr.ijt m 
amount in Ah*W, where it Averages 31 inches, Economically 
it is of great importance lor the tea crop of A -sain, and in 
Bengal, where it favours an early spring crop of rice. Over (he 
greater part of the interior it is of little agricultural value, and 
the violent winds and heavy rain accompanying ihe storm* 
occasionally do great damage- 

It is Upon the south-west monsoon rainfall that the prosperity tulatHI uf 
of India chiefly depends. As already staled, nearly <yg per !,u ' l £ H or 
cent, or the whofe nun fa! I of the year falls on the average mHiltK ,ii. 
during this part of the year, being due to the invasion of India 
by oceanic eisrwmis of gneut volume and elevation from the 
Arabian Sea and the Hay of Bengal. The goal of these 
rurrenU from June, to September in India is 11 persistent 
low-pressure area In Upper hind and the neighbouring dis- 
tricts of Rajputana and the Punjab. The transforms lion 
effected by the invasion of these currents is comparatively 
-slight in the regions of frequent thunderstorms in Apiil and 
Hay : that is, in Lower Burma, Bengal, Assam, Orissa, and the 
Madras coast Over the remainder of India, and more 
especially in the interior of the Peninsula and in Northern and 
Central India, it is very p renounced. Previous to its advance 
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strong land winds* almost unbearably high temperature e*HB 
sire diyjienK or the air. ;md a dust-laden atmosphere are the chief 
features Afterwards strong to moderate Seen winds, modern Le 
temperature, groat humidity, much ckuid, frequent rain, and 
a comparative]}' clear atmosphere are prevalent From June 
to September the t *0 currents give rain chiefly to Buima. 
Northern Suit Centra] India, arid the northern half of the 
I’eninsula, while nver the southern half of the Peninsula rain 
occurs very irregularly (chiefly during breaks of the rains in 
Northern India] and is scanty e*eept on ihe Malabar coast. 
The distribution of the rainfall during this period (June 10 
September) is determined chiefly by ascensional movement due 
10 (i) forced ascent across hilts, (a) eowectEw wKctn in 
Cyclonic storms, and ( 3 ) irregular ascensional movement caused 
by resistance to horizontal air movement, or due to actions 
accompanying the healing of the atmosphere during the day 
hi Hi re over the drier parts af the interim. 

’Hie action of forced accent aerr^ or against hill ranges 
gives heavy ram in (a) the west roast -districts of Malabar, 
the Konkin, and tlujaiit, (,'■ j Terw&gfim and Aral; an, (r) the 
Assam hills and bylhet, and (rf) llw liflWT Himalayas and 
submontane districts, more especially the eastern half, Actual 
data show that in the Western l idle; the rainfall is on the 
average at least three times as great Ort (he crest of the hills as 
at sea-level. The average rainfall of the period is roughly ion 
inches in. the oust districts of the Konkin, and thence increases 
up to an average of joo inches at. stations situated on the crest 
of the hills facing rhe sea at an elevation of 3,00* to 4,000 feei. 
A similar law of distribution almost certainly holds in the Case 
of the Tenasscrim, A rata u. and Assam hills. Sylhct at the foot 
of the Assam liitLs ha.\ an average total of 157 inches, while 
ChorrApunjt in the Assam bills, at Rn elevation of about 4 i°qo 
feet, has an overage of 455 inches. The inverse action to that 
of .[breed ascent is found in the districts o« the teildwurd side 
of ranges of hilts which face the monsoon currents. The 
current, which has been deprived during; ascent nf a large 
portion of its aqueous vapour, after it passes aver such a range, 
either movej horizontally or descends slightly, and is then, 
unless some other special actions conic in, virtually a non-ra in- 
giving currenb Hence the Bombay and Madias Deccan 
I hstricts of ShoLlptir, Bijlpur, Abmaduagar, Tootia, and Bellary 
are very dry areas and specially liable 10 drought- Similarly, 
a portion of Central and Upper Burma, including the Districts 
of Mogwe, h-1 i nbu, Mymgymi, Kyauksc. and flajjaing, is a very 
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dry and precarious. area, with a scanty rainlall averaging nu 
moffi than .50 inches (c-r the year. The Ijiiiiiliiiyab art! noi 
expend to [he full burst of the annual monsoon currents. 

The Iky current advances towards them, but is deflected, and 
though there is much iuscensional movement, it i> not forced 
ascent accompanying movement across the line of hills, lienee 
Lbe distribution of the rain fall does not lollow exactly the iimc 
law ns in the Western tlhfles or (he Assam hills. The rainfall 
is, however, considerable over die I.o'wer II imilajan ranges 
up lu levels of §,ooo to soyooo feet, huL is slight on the 
higher elevations or in the interior valley*. The rainfall 
again decreases considerably southwards in the submontane 
districts, and over the Gangeiic plain it Ls determined partly 
by ordinary ascensional movement and partly 1 iy cyclonic 
storms. 

A considerable proportion of the wet monsoon rainfaLI over Of Relink' 
the greater part of India is due to tli* ascensional movement 
a eeom parrying cyclonic vtOrltls,. On the average eight storms 
of moderate lo considerable intensity grass born the iky of 
Bengal into India hetween jtme and September, They travel 
c:n::iparativt;ly slowly ftinl frequently Lravcrsc the whole breadth 
of Northern India. 'I' heir characteristics^ and the accompany - 
ing rainfall, have already been noticed on 'page 125. 

After the Bay current has withdrawn from Northern India 
and Upper Burma, and Li recurving Over the Bay, rf is, as 
already stated, directed to the Peninsula. It is now, tlDMvtr, 
comparatively feeble, and probably Ik elevation jls well as its 
volume diminishes and it becomes less effective as a rain-giving 
eutrent. Cyclonic storms occur at tonger intervals* but con- 
tinue to give large amounts of CXin 10 the areas they pass over. 

Their path Is. usually in the latter part pf October and almost 
invariably in November and r>eirerobcT f westward, to the Otciti 
and Coromandel coasts. The rainfall in the 1 Jeccsu and 
Southern Madras coast districts during this jjeriod occurs 
almost entirely in connexion with these storms, And s hence 
extremely irregular in its distribution. The rainfall as heaviest 
in a narrow belt of Lho Coromandel const, where it ranges 
between 20 and j,a inches, and decreases rapidly on proceeding 
into the interior. It is occasionally very heavy in the Nilgins, 
when the storms advance into the interior of Southern India 
and break up against the high hill ranges. 

A characteristic feature of Indian meteorology is the cKcessfyn: 
downpours which occasionally occur,, chiefly during the passage 
Of the cyclonic Storms of [be MflUSh-wtsl monsoon, and also ill EWEJIlJ' 
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Jolu honif'i in the Western CMw find l^owcr Himalayas during a atrorui 
jnflus of monsoon winds. The fall at Puniea in BihSr of 
soon. 35-38 ioehe* in one day, nn September, 1875, baa already been 
mentioned (p, ij-q). Other phenomenal downpour^ exceed 
ing in each case ?-j inches within (he twenly-fCHir heut^ haver 
beefl: — 
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Another noticeable feature is the very heavy downpour:* 
which occur in very short periods, chiefly accompany mg 
thunderstorms. The molt striking examples, have occurred 
nt Calcutta and Plngpur, at each of which places slightly Over 
an inch lias folleri within, ten minutes, equivalent to a rate of 
neatly seven inches per hour. 

Vattab*liry A must important feature in determining the economical 

Hii r jjn 1V1 j! . value in any given district is its variability This 

■can he estimated in various ways. Mr, Idflnfosd, in hif mono 
graph on The Rainfali cf India, has investigated the variability 
in the twenty-two rainfall dsvisiyns which he adopted for die 
seasonal returns submitted regularly to the Secretary of State 
for India by the Meteorological Department, According to 
this method {based on the law of errors and method of Least 
squares) the variation from the normal rainfall for which tile 
probability is (L.O. the chnnCfts are 1 to t) is determined, 
and then expressed as a percentage of the normal TiUnfall- 
Some of the resells of Mr, BlanfOrd's calculations will he given 
on the opposite page. Tills is undoubtedly the most scientific 
method of determining estimates showing the probable range 
of variation: of rainfall. It is, however, too elaborate for 
general use over a very largo area like India- The Amplest 
method is to adopt as the measure of variability the 
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]j£ttenliigc ratio of the difference between tbr highest and 
lowest actuals for the period of observation IO the normal or 
avc-ape ramf-nll of the period. The largest percentages of 
variability as; thus calculated ar* those of the areas named 
beto* t— 
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The most noteworthy feature ls the very great variability of 
the rainfall In Gujarat. This rs- due to the- fact that it Is 
liable Jiot only to very scanty rain in dry years, hut to recessi ve 
downpours from cyclonic storms in year* Of ordinary or strong 
monsoon conditions. 

The following table gives Blauford's estimates of variability 
for thirteen areas :• — 
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When the rainfall in any area LS too scanty for the Staple rjefiqi c s,| 
crops Of that area, and a partial Of complete failure of the ™ fc; l 
harvest CnSIWS, the season is one e<f drought which may, if j PO „ s | l1d , 
Mvere and long continued, produce famine l . A large de (fcieocy 
of rain in an area of heavy min fall, AS for example Ara-kan, 

famine ia lilt mbjrd of a p£|r&ratf vbupteT (VqI, 131, -cli3.pt aj. 
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Eut BnSrtgaL, rarely, if ever, affect* the staple crop s to 
an extent sufficient to justify the use of th* WiW 'drought.' 
llrtmghta chiefly occur ta the interior districts where the 
nomial rainfall, when properly distributed, is sufficient for the 
crops, though not ample or abundant. The table on the prfc‘ 
osdinj; page gives a list o i the larger areas liable to drought 
tn the order of the variability of the rainfall as determined by 
Mr. JJlnnftird (vide Tht Rainfall a/ India, p- tap), 

Mr. liilanfaid, from Lamination of the d ill, inferred that 
droup.hU leading to famine were especially likely to occur 
In alt districts in which the variability* as measured by the 
process defr.Tibcd on p, I of his memoir, is twelve or upwards, 
Scanty end inetTectivc rain in the wet monsoon in t*ny area 
is due to one or more of the causes referred to on p. i jo- The 
rainfall uF the first half nf that motwoon ia much less valuable 
and effective, an the whohi, for agricultural purposes than 
the rainfall of thu second half. It is essential that there should 
be occasional to frequent rain in August and September* ami 
occasional rain in October, in order to bring the chief fond 
crops >0 perfection. An abrupt termination of the rains in 
August may cause the whole of the rice crop in * Province to 
fail to come to maturity. 

In Nocth-western and Central Ihdia not only may the rains 
os' the- south- west monsoon fail more Or less? completely, but 
also the preceding or fol lowing cold-weather rain*, and failure 
□f the first i>a, in about two cases out of three, accompanied by 
failure of the second. This double drought emails loss of 
the harvest os both seasons and is most disastrous, i'tie most 
severe droughts in the Punjab and (he Gangelie plain have 
been of this kind- S'inaJly* \ severe drought leading to famine 
may occur after a series of bad years, owing to excessive or 
deficient rain, either of which may diminish the crop returns 
Tot several yearn by lat^e percentage amounts- This was the 
case in the f'entT&l Provinces in tSpfi- 
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M.-n.-.imr- Temperature is perhaps nett to rainfall the inest important 
imtnt of±|t feiturt Of meteorological observation in fndia from the 
rarer™ economic standpoint. Temperature in relation to the amount 
oF aqueoos vapour present iu the air and the rainFall deter- 
mines the character and abundance of the staple crops. 
The temperature of the air in India is earcfulLy measured 
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under,, SO Ear SS is possible, approximately similar con- 
ditions. The thermometers urtr exposed in open sheds, 
through which the air freely -circulates, And are protei-tcd 
fron« (he direct influence of the sun by a thick rool" or 
thatch of straw. The bulbs- of the instruments are placed 
as neatly a* possible; at the same standard height ahovo tlac 
ground, vis. four feet. 

The sun is practically the only hot body which materially 
modifies and. determines the lemjn.‘Tat are of the garth's 
atmosphere. The solar radiation i-s absorbed in part during 
its passage through the earth's atmosphere; and in pari by the 
earth's surface, which again gives up a portion of its heat to 
tho adjacent injr. 

The average temperatute of the ground surface in India is. at VnTi&tion 
the hottest lime Of tire day in the cold weather, From jg° to no 11 ground 
above the temperature of the air Four feet high, The dEfTcrence 
increases until the months of April and May, when the excess ^f L ' a1 " 1 
L 5 usually as mucb as 40 * and sometimes 45* or 50V Theji,^ 
difference falls olT rapidly during the rains, und in August is mint, 
as small as in the height of the cold weather. AL Jaipur Llie 
ground has been found to he cooler than the odjacenL au 
four feet above for sir teen bouts out of the twenty-four in 
Occemher and for twelve hours in May. 

The air in contact with the earth's surface is largely and 
rapidly heated during Ibe day lime, and is then carried 
upwards hy virtue of the convective movements thus 
initiated. These movements tend to distribute the heal 
taken in by the air at the earth's surface throughout the 
suijgrjapent mast, and give rise to changes of temperature 
of great importance. 

The tempera mre of (lie air at any fixed position or place Variation 
is- in a constant state of flux or change due to a variety of <rfa - ir i™ 1 
actions* more es|;secja|!ly the absorption nf Item or sobr 1 f ‘ 
energy either directly or indirectly, (A) th-e radiation of heat 
to the earth, clouds, or space, (c) the vertical nr horiicmlal 
■movement of the air in the lower strata. Tire mo>1 effective 
cause of rapid temperature changes is the displacement of air 
of one -Character by that of another, such as almost invariably 
occurs in the alternation of lahd nn-d sea breezes, or accom- 
panies bailstOtrnsT thuodetitonns, cold-wcather cyckmic storms,. 

*c_ These changes are usually very irregular in character. 

The temperature of the aii varies {1) regularly in consequence 
of the regular variations in the causes or actions- modifying it, 
the most important of which Es that of the sun's thermal action 
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as modified l>v elevation, and (a) irregularly owing to the 
action 5 enumerated above. 

The temperature of the air is increased by the absorption 
of solar radiatiofl or radiant cncrigy directly or indirectly 
during the day hours, while it Is affected during Hie whole 
diurnal period by [actuation to clouds h space, fitc. The result 
of these two ncLious is that in the lower atmosphere the 
temperature hjI - the; air is lowest very shortly before sunrise, 
and increases untd two or three hours after noon, nfier 
which it decreases until nest morning before sunrise. This 
furly regular variation, with a maximum and minimum, which 
divides the day into unequal periods of about eight bonre 
3md Sixteen hours on the average of [he ycaj, is the diurnal 
variation . 

The difference between llw maximum and minimum tem- 
peratures of any twenty-four houra period, as for example the 
ordinary civil day. ii the H diurnal range.' The diurnal range 
depends chiefly upon the umoUfll and distribution of cloud and 
also upon the humidity. "Ilse following summaries the chief 
Features of the diurnal rang*; — 

(1) It ii much smaller in the wet than in the dry season, 
the difference Ijeing most marked at station* in the 
interior. 

(a) ii is smallest in amount at the coast stations, more 
especially at those on the Hcnkan and Malabar coasts, 
where it averages to 11 , and increases on pine ceding info 
the interior to a lilnitimtsm or ^0“ on the mean of the ytar 
in (lie Punjab and Upper Sind- 

(3) It has, over the greater part of Northern and Central 
India, two maximum and minimum values. It is usually 
absolutely ^rL-j.tcst in November, the most serene month 
of the year; falls slightly up to January Or February ■ 
increases again up to April and May ; and falls to Lhc 
ubwlute minimum in July or August, (he height of the 
rains. 

Again, during one part of the year, from January io May Or 
f une, the incrtSrw of temperature by the solar action is greater 
than the decrease or loss by radiation and Other action*, and 
hence temperature rises more or less steadily during this period 
of increasing eksvatiun of the sun. During the remainder of 
the year the balance is the ruber way and tempera! ure; Steadily 
decreases fit™ June or July to December. This reguLu 
increase during One Italf of the year, followed by dww 
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during the other halt, is known as the ann.ua! iwiattiorir The 
annual variation is estimated in various way®, The mast 
usual method* me la) ns the difference between (he higlufti 
and Jowem monthly means, (i) a* the di Terence between the 
highest and lowest daily means, {c) as the diffr-rerWc ljetween 
the highest norms] daily minimum amj lowest normal daily 
minimum temperalurcs during the yesir,, and (if) a* (he mean 
of the annual absolute range of temperature; thru is* of the 
differences between the highest maximum and lowest niinlrmini 
observed in each year. The data establish that die annual 
variation (calculated by any of these methods) is small in 
amount .it the iJay inlands and in Malnbor. ft increases rather 
rabidly northwards in proceeding along the ear>i and west 
coasts of Indie, il is twice M &rea( at Bombay and Rangoon 
as in Maiabar,, three limes os great at Madras and Chittagong, 
and over five times as great at Karachi. It is from eight lo 
ten times as great at (he stations in the North Deccan and 
Northern and Ceniml India, and is absolutely greatest jit the 
most inland! and the driest disliicLs,. including Upper Sind and 
(he Punjab. 

The highest d-^y terniUmi Cures arc usually i>hser\“ed in 
Nonherfi India in the month of May, The holtcst area is 
undoubtedly that port of Upper Sind known os the PaL desert, 
□f which Jacobfi.ta'id is imperfectly re^)JcsettLativc r and after 
that, (lie adjacent tracts, including the [south-western runja.li 
and North-western Rajput-nnn. In seventeen out of the IasI 
twenty yefliK the highest day temperatures, ranging from 
to laC, were recorded at JlCdfeilbad. As there is much 
irrigation, in and near this town, which h more or less sheltered 
by frees, it is almost certain that at Sifoj and other places in 
the driest parts of the | J a( desert the maximum tempt raLure 
probably readies 130“ in the hottest periods. Maximum 
WinperaiurEs exceeding [ ;o‘ have Ixen rcca-Tdcd at (he stations 
named below 1 — 

JacobaltiSd, Jodhpur, 

Pachbhadi:!. Ssrso. 



S fydcrahiid 
Montgomery. 

Uera Ismail KhJtn. 



Multi n. 

KEiu>h;lls. 

L-ihore. 



Agra. 

The conditions which determine the night temperature arc 
very difftrcnl From those on which the day letnjiemluTc d-epends- 
Radiati&n into space and conduction to the ground Surface arc 
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I he ■chief action s. The effect of these actions in redueEng tem- 
perature is greatest in dear dry still nights, such as u.s.ua][y 
obtain in the cold and bat weather in Xorlti-wcGSejn and Cen- 
tral! India runl the North Dcocan. The aii cools almost con- 
tinuously during the night at rates depending upon the araoum 
of cloud, the humidity of the ait and other conditions ; And the 
lowest temperature is, on Lht average of the year, observed at 
5.30 a.m. or about half an hour before mean juntiM. T"he 
lowest minimum night temperatures arc almost invariably 
recorded in Northern and Central Thdia during the cool 
periods aftti th; jiaisagt of cold-weather Storms, The follow- 
ing gives the lowest temperatures {16" or below) that hive 
been recorded at the chief meteorological stations in the plains 
of 1 S 3 firth- western India : — 
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25-7 


December i-fc r fPjfl 
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_ Khmliib . 
[te.ra limnU 


a 4 -tr 


Utrfraber ift, lSyB. 
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ProvltKc 


:k 
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J DT-unTj- [h, I 07 v- 




\ K}1 ^ 
LuJh-isru. 
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rjKimbfT vi, lBp> 


Etnj I'uldsin . . 


3 'jjrMlltaHlri. 


^■4 


February ifi, cSsi. 



Hut. 

diuninl 

UmpoU- 

>!ni iv , 



tlJE 

temp#!*- 

IlLttS, 



Mean daily Uimpfratuire is usually deforced by meteorologists 
as the mean, of twenty-four reiijdiitgs of a standard thermometer, 
properly crossed, taken at hourly intervals, Hourly observa- 
tion^ howcvcT, ate refunded at. only three ot four siations in 
India- Hence in the India Daily Weather Reports the 
mean temperature of any day is taken iis the semi-sum of 
Llae masimum and minimum temperatures recorded during ihe 
day. This dlfTcis from the tme mean as defined above Ity 
small amount! which have been apprOximat-dy determined 
frpm short series oT hourly observations In different parts of 
India. 

Appendix 13 (p. 154) gives comparative data of this element 
for twenty-thme representative stations in fhdia and illustrates 
Sufficiency the mean or normal temperature -conditions over 
India. 

■ The temperature at hill Stations is deLcnnincd only very 
slightly by the direct action ai the suP, and chiefly by the 
large Convective air movements over the plains-, and by the inter- 
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change or diurnal *Er movement hetweon the plains and hills 
which is a permanent feature in. Himalayan meteorology. 
Append iv C (p. 155) gives. the average mean temperature of 
twelve tepicsraitatiTe hill stations for w\ch month. 

At sttrions in mountain valleys, c.g. Srinagar and Mli, the 
maximum day temperature is daterminod chiefly by solar 
^ecion and local conditions of cloud, At stations tin the 

crests of (hu outer mountain ranges it is, in dry clear weather, 
conditioned almost solely by ihe convective move mem over 
the plains in which dry air, rising rapidly, cEX)l$ down ai ihe 
rate of i a per rfllj fcel, During fh' ; turns, when there is much 
forced ascent of the humid current against and over the bdls, 
it is conditioned by (hut movement,, in which humid uir at 
the mean temperature conditions cools down at rates which 
vary from about son W? 500 feet per defttvfr- 

'Ihe night. temperatures at hill stations arc, more especi- 
ally In fine dry clear weather, dCMirmiised by actions and 
condi tion& very different trorn those which rise io the 
day maximum The air cools rapidly by radiation and eGm 
dtiolion to the ground On the higher elevations,, and sinks 
down into thx: valleys where it tends to accumulate and give 
decreasing temperature as the night advances. On the moun- 
tain crests it is modified by (hr- uppT air currents which sel 
in from the plains towards the higher ranges- These actions 
tend to give much tower night ramperatuiL-s at the same ekva 
tion, and a larger diurnal range in valleys Lhan un the mountain 
crests. 

In fine dry weather, when thcic is little air movement, 
temperature falls rapidly at suwicna such as Munee, Simla, 
and Chakrala on open mountain ridges from 2 p-iii. to ft p.m., 
anil is then practically constant during the whole night from 
j p.m, to 5 a-iiu Another important feature is. (hut when the 
conditions obtaining :n fine d-ry weather in Northern India ait 
most rraifccd.— that ls, when the temperature at nigjht falls 
rapidly in the plains Owing to radiation in a clear calm utmo 
Sphere until aboidy before sunrise, and ^hen II remains nearly 
constant On tlie crests throughout the whole nigh! — the minimum 
temperature at hill stations may be COniiderS-My higher than at 
neighbouring stations in the plains 5,000 and 6,uoo fed hulow. 
This frequently occurs in continuous anticy clonic. periods during 
the cold-weather period when the cold-weather rains are Eans 
and scanty. One example will be sufficient 10 illustrate these 
remarkable: temperature conditions. The minimum tempera- 
ture at Mutree OP the night of January 3, t&8q, was i± V 
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higher than ai RiwaLpindi, and higher than at SiSlkot ; at 
Simla it was ia-l n higher than At Ludhiana, and ii-S 5 higher 
than at Lull or-" l and At Kamkhet it was 13-4" higher than at 
ftoorkee, 18-1? higher than at Bareilly, higher than at Agra, 
and } •i J higher than at AlkhaMd. This wa* on the whole 
the most remarkable example erf the inversion of the lempera- 
luic with elevation that has declined during the past twenty 
years in the cool -season in Northern India, 
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APPENDIX A 

RfltJJPAT.f. I>ATA 0> 3 1 MKTKOROl.tXilCAI. Dl l H&rOKB OF 
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Ilic following |iisblkallnni oF IFic judinJI Mtie^Lnsicnl Ereimilflient., 
it lnkh nrc pnxnmlile -,L O Icuilft- dc-al with (he rtraLLhfS Iwattd if ihk 
dhnpltj 

L. Handbook of Cyclonit Alarms in the l^*y of Bengal fat Lhe tit* lJ 
Sa'.Ltje, vdJ, i, “J't-Kk ; trial. il, I'laies- 

•j, HannfalL Hap nJ tail in in -.h«tlK wale li| miles (d i LulIi, tJi™in|; 

: i,.; nr.ncnl diitnbiHJon of minJn.ll in India {in otihmrsj. 

jj, iMtcivi-Lions L-u O Irk; f its* of the Ln- li ?.n Mfltreroletglenl DcpaitmufiS , 
in which are described in il-dail the ^atious autmmuiilS ih '±t£ ni Ills 
olMr'-nLoTiei 

A . Hnmmeler, Wind. and CnrrenL Cliarth of (Jib Ll*y ■nr Utnifil ninl 
,i. l |- i.ht.i sen north ol llm ti'jlllMor. 

dwrH of die Hay of Bengal ndjj::rar sea north ol ihd equator. 
■,hrjn ifi|T ibe specllie ^MfUv P lernperiitiirt. ami cuimil* of *he sen uirfaue. 

fi. IlnramcLei, Wind, nail Cmr«lt ChnrUi of the AmObn He* end the 
adjftcrtrf portion or the- .North Cn^liMn Ohh. 

7, Monthly Wtnlbcr Ue-riew ni India, givLug * koinroaty dJ lliu chltf 
JcaOinrt of ihe weerter ic, India and «UilnlftinjJ dismtiioni an aliutntjjilKTk 
pressure, baruEnelrh; deji(ieM,iuns, temp cm In re af lire =■■ r, winds, rn.ii tll. fits. 
Thi4 *|m> contains all ■ rdUblff lofoimathnis about sonwrall in the n&ijmntuiii 
ilislrluit iO I he north and ourih-wsL td Itolifc. nod on nhiFiact d (rtaj na- 
tions taken at ahOul J“o ofi.i-mtorie* in Jii-.hn. 

B- Anmml SummaTy oJ Lire Monthly Weather keriew, sWlrig a dretussioo 
oJ the inretcn*e,tafiiua] data c \ Inc in For tire? ytat- 

j. India Daily Wealhif KepOTt n=el Chart, cunul«iin.£ observations 
reuotfd&d m !i o, rt. ns 16B observ alanta, tilth h i lian showing lilt itinliHia 
Lion ar eitfiCrtplKfk pntsture and lain fall ill Over Ifldlit.and a brief mniML-vy 
itJ the chid JenlGrei of tbf nr^fhcr of thi day. 

to, litiliut, MtLenniloijicn] Memrjira, gi.vLari(; dioiuxriam ind nrltarcliei ot 
mctojrolojliiiil date Joi India and iicI^IiIioiitIpi; eoianttwi, jLlnstrnkil tiy 
charts, plalffti h 4nt1 cnyw-j, svl<- >-ii- 05 in Tatil's incrooit on, fi!airrf4fl 

India, published in lUJIIi, knfhifl we of Ihe n aLumhmf Lh.1i rerifi. 

1 1, Indian Sipecial Cyclont Memiilf), gifbii; Jail ancounts of the motL 
ImpartnoL uyuldnrl Ahil eyelonSi; rtotmi urlikh hiTf c-rcnrre'.l in tadia 
,l,,ii|ujr the | '- 1 s t thirl y jenra. 

li. A 1 1 4»d I hmL nf the Mi!tf'Molo|;y ef Imiia, by Sir John IIIhjL. in ■1^' 
f 1 lyOi'i- amter prcpimtlcn’in 

lt. A C lilrsawdcCLcal Atlas nf loilin, by Sir Judn I'liol, is r.’so noiA- { 1 
milder lUvrisaratLan^ 




CHAPTER IV 



BOTANY 1 

The term British India 0.5 employed in this chapdi mil traces, Immdaie 
over and above (he vast lerritory controlled tiy the Govern- torf ' 
moot of Indca, sonic independent countries of which. Nepal 
and the Himalayas ea^t of Sikkim arc the chief, together with 
Ceylon and the Malayan Peninsula, which are in great paTt 
under the Colonial flffice. 

The geographical ?nd climatal features of India*, upon which 
the distribution of its Flora so much ■depends, can be here 
introduced only incidentally They will Ik - found to he folly 
discussed fn chap, i of this volume’. 

The femt Flora applies in this sketch to native Flowering 
plants, Ferns and their allies. Collected materials do nut esttsi 
fer discussing ihe distribution of Mosses, Hepatlcac, Lichens,, 
and Fungi, which abound in mosL parts of India, or of the 
Algae in its seas and fresh warns. On the Other hand, Such 
extensive herbaria of the higher Orders of plants hare, during 
the lost centuTy especially, been made iivur most [tarts o( 

British India, that the 4 ludy &f their contents may be assumed 
to provide. sttfhoient materials lor ft review of its Flora. 

The Flora of British India is more varied than (hat of any 
other country of equal aTeu in the eastern heuu sphcrir, if not 
in the globe. I bis is due to its geographical extension, om- 
UracmE so many degrees of lalitodo, temperate and tropical ■ 
to its surface, nstng Horn the Icvci of the sea lo heights above 
the limits of vegetation : tt> Us climates, varying from torrid 
to arttie, and from almost absolute aridity to a maximum 
of humidity ; and to the immigration of plants from widely 
different bordering countries, notably of Chinee and Malayan 

1 3a eomrpiLing th - Slc^tcli T Iidyc Iml ihe irisriiirigc of ret£SYin|T vilii- 

«,lile fact! aniJ lUQtttinK fr.Hii sj, ij., kIdjj, , tf.R.S,, Utf IhrpClar 

vf Ulr Royd Botanic Cantam. CnknlEa, and JC &. Gamble, H.A. > C.I.E., 

F.R.Ss., late (if the Indian T'er-wr lir|:^ilirrjit. 

* -5“ »ho fk/n*tnc f*rj t* ikt Efynt I.ttdi<a i Iiy J_ 13, Htwlter Finn] 

Thomson, py, gKo,.TriLli 1wt> napi * IjGruIgn : Film pi in & E_’ ( 1 , , ] 5l,^ j L 
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on the east and south, of Oriental European, and African on 
Ihc west, and of Tibetan and Bibcjian On (he north. Whether 
India is richer in number of genera jnd species than any other 
area on the globe of tynal dimensions ls doubtful; il is cer- 
tain Ly Tar pooler ir. endemic genera nnd species than many 
otheiFS especially China, Australia, and South Africa. 

Of (lie dements of die Indian Flora the Malayan is Ihc- 
dominant : but until ihc Floras of Straia|ra,Tongtcirtg, und Sooth 
fTilna are bttter known, it is not possible to estimate its com- 
pemlive strength. Tbe Oriental and European elemenLs nan her 
approximately estimated. About 5 jo European genera and 760 
species are indigenous in India, of which about jc pcncra nn-ii 
oxer 400 spsnies aoe British ; and if the Oriental and 

species I je 0 tided to the European, these figures wnultl probably 
be doubled. The African element, which Includes the Arabian, 
ls third in amount, arid it -will no doubt be augmented ns 
the Flora of Equatorial Africa becomes- better fcnftwra The 
Tibetan and Siberian clement*, which include an Arctic, are all 
but <-on fined to th+ alpine regtons of the H miiLLayas. Lastly, 
the Chinese and Japanese Finns ate Strongly represented 
throughout ihe temperate Himalayas and in Burma. 

Of the Natural Orders ot Flowering plants, Feros and their 
allies comprised in the I'loia of British India, not one Is 
peculiar m h; and if the genera common to it and tf one or 
more of the adjacent countries be excluded, few endemic 
genera remain, and such of them as are endemic ore local, and 
with few exceptions are restricted Eo one or few species*. It 
may hence be affirmed that in a targe -sense there is no Indian 
Flora proper 

1 The '(ion H Or 1 is iiiifiir|iir---ltly _;lJ in a xery itlia-rcnl hy 

bULihisIs and by inotaipils. Id j V iL nil jdr.|:-iEil ii>‘ 0r4iu>rli» u the- 
litis ' Flora Orta Allis,' of his nra.'k m th* fi!«ivi*; ef ihs and Htwi- 

■potiiBia I ind it Li fit siile ol Usi^llet^ grrnl flara of the Eut, frficn 
C^C(l4 L-j AQKiEii i-?Si inclusive 'J'his moaning hr, Lan-jf fistn iKc:p:c4 by 
hotinijU.. la !:h>Io ; ;: ra.1 Literatim-, ' Qrieniil h is tHnite sjranjniKii whh 
l‘.Hlmi India. 

= Urihrcr n-rtqitL-OM ptrlmps Ibr mint an title istie i:, 1 | aal # of (wd genera 
of Dipienra>f*rac t £x!rta wth e-Ieyeh species n; ( :l -SrEmww^riu with fitlftp,, 
which r-rr huth cui'iim-;d ta Ctyku'i, 

■ Mi. C. H. C i'kr, Ln n mail irtstmcliun tuny " On Die Etafacical ftab- 
atfJti of Hi ii ifth 1 41 ilia, 1 hii ipcctiliml nr, the joectEsiif juried* at which 
Hie coaiponEnl rlnmunts uf I nu Flora weie inc> v^lo-Ecel, ,UKi Uir irrivsl at 
I he I* LI awing JwiAi-Tin 1 (]) Tht DuCisci ui tada-ACrjcaD, (a'J Die Malayan, 
(d) the Central Asian, 14) the Furapean. Hr. CUrlrfV Suh-inMtl sppruiU 
mutely rarrtijiojni with lit ELtjiiMS frf (bi> BiElch. Srt »/ (he 

1. inwwi Aqiijy, Hoi , toI. asiiT <lSj|5), p. j h i. 
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The British Indian I'lora, so various as to iLs ele 

merits, present:* ft* anomalies in a pliytCtgfiOgiaphk point of 
view, The most remarkable instances of such anomalies arc 
the presence In it of one or a few spent* of what art very large 
and all but endemic genera in Australia: namely, fiaakta, 
Ltptoipenttum, MtMtma, ^.amfpgon, S/yBUuPt, /Ftlwb, and 
Cuiu&rinn., Others arc Qxybaphus himalaUus^ the solitary 
exlm- American species of tilt genus ; fyntforj# rsfr/j-j, the 
only congeners of w h ioh are a Javan and a North American \ 
and Vogttia. which is Limited to three species, an Indian, Souih 
African, and Sokotrsm. Of :Lbser.tcc Natural Orders of the Old 
World,, the must notable art Myefioritte&t, which, though mainly 
Australian, has Chines japomesLV and Mascaicnc hjift-ies ; 
Emfiefra&a^ one species of which girdle* the globe in the 
north temperate hemisphere and reappears in Chili .(the ranty 
of bog-land m the Himalayas must be the cause of its absence) ; 
and Ciiiitteat, an Order containing upwards of ioa European 
and Oriental species, of which one only fa Persian) reaches 
Native Baluchistan. ' 3 “he absence of any indigenous Lime 
(Ti/ta) or Eeerh (^i^Tj.v)or Chestnut (Cta/awr-c) in the tem- 
perate Himalayas is remarkable, ill three being European, 
Oriental, Lind J^paiaese j-sntra. The Chestnut, which bus Ijeen 
introduced iutu NW, India from Europe, ripens its fruit in 
the Western Himalayas, 

With the exception of ihe Rhododendron belt in the high 
Extern Himalayas, there arc in India few assemblages of species 
of pccuLiar or conspicuous [fluids giving a character to tbe land- 
scape over wide areas, as do- the Heaths in Britain, the Heaths 
itnd succulent plants in, South Africa, rbe Eurafypts\ F-+asrijl*n* 
and Prtflsattnt in Australia, (be Cadi in America, or ihc great 
Aloes and Euphorbias in East Tropical and South Afnoa ; nor 
aic there re presentatives of tli* bamjjais, Cutingas, riavauh-ihii, or 
Bfoitie vegetation of America, The Coniferous forests of ihc 
Himalayas resemble those of other nurtbrni countries, ^nd the 
great Teak forests have no peculiar features '[lie wood-oil 
treea {Dtffirtourpi) in Burma form an exception, towenng over 
the forests of Arakan and Ttnasscrim. Of gregm-inua frees, 
some of the m(m conspicuous are: dm Sal (Sfaimt raitfjftt), 

* Far nrs ricco-jn'. of lie Jjif5|s.ii Irasis refer-aict must lx 15141.1* 14 the 
thnyltf Art Forts la La this fowtlctr (VoL III, eh.. Ip, asm! fcr deLulx t# 
lioril::* ^faitrtai gf Imtffo?) 7 r>*W.r ^l^iiO^n, lijflaJ. In tht l*i(tr in* 
vtl|,=Wi wo.lt, 4. 74Q woody ploeti let hjmidcd Ter ihitlih Mil feidii:„-,r 
oS these ot tla l. Mnlujnn f'cuiiis.uLi}; nail nf ilreir 3 , jit S ni* trees, i^jj 
^hrulu, pari £57 climbers. 
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Kaig or In ( ERpltrctarptii thtwatiafus), Sistil {llaiixrgiA Sisseo'h 
Khair (j 4eatia CG&rkn ) r and Babul (A. ara&iia). 

Indiganous Palms r\ne 1>W compared with nutty regions in 
tropical America, and are comparatively unoblrmive. The 
Talipot I'nlms (speck* of Capful) ire the most majestic 
[alms in india,. in stature, foliage, and infloreSMUK, but they 
Ate OSOtedingly rare and ltKal. The Indian Date (PAotnix 
iitrt strife the Fan- Balm or Palmyra {Barn-nnu fiu&tRifet*}, and 
the CtKtMUit neitr the sea, ane the only palms that may be said 
to be conspkmous In the landscape of the plains, of India. On 
the other hand, graceful eruet or climbing Fa I ms with pinnate 
ot fun-shaped leaves frequent the humid evergreen forests, 
where the Rattans {Calami} ascend the trees by their hooked 
spines and napese their feathery crowns to the light. Bamboos, 
of which there arc more than i?d It Ends in. India, Form, as else- 
where in the iropics, an important feature, whether as clumps 
growing in the open, nr friFrning in association all but. impene- 
trable jungles : the taller kinds monopolise Large area? in the 
tin: lower regions, and the smaller clothe mountain slopes up 
to 1 OiOQO feet in the Hknilitytlf, Tres-feriW, of which there are 
about twenty {?) species,, frequent the deepest forests of the 
RjiSLerri HirniilayaM, CenLral India and Vi^agapatam, Burma, 
MaLabaif the Malay Ten insula, and Ceylon. 

Of shrubs that form a feature in the landscape from their 
grep-aTious bn bits, th£ most conspicuous e samples arc the 
Rhododendrons of the temperate regions of the Himalayas, and 
tiie genu* Sfrit&Hauf&a Lri the western hills oF the 3 J cntnsula. 
Many species a-f the latter genus do rol flower till they fuaye 
arrived lit a ctrlain period of growth, and then, after simul- 
taneously flowering, seed [wofusety and die. Some Bamboos, 
also gregarious, display the same habit, which they retain under 
cultivation in Europe. Three Local all but stem less Falms arc 
eminently gregarious- Ffoknix fftrirtiftm of the Coromandel 
coast, Nanti&t r rhQf>s Ritchies no of extreme Western India, and 
1'ixotnix palud&m and Nipa frvticatu of the Sunrtarhan?. 
Among heibaoeous plants the beautiful genus IwpxtitRi 
Likes the firm place, from abounding in ad humid distrii tE 
OxCupi the Malay Peninsula, and from its numerous species 
being (with hurdly an eteeptioat)- endemic f addl'd to which is 
ihe fact dut, though profuse i,n individuals, the species me re 
ItKihably local, thosie of the Eastern Hnunlayaa differing from 
ihose of the IVfstcrn, these again from the Burmese, and all 
from those of the Eastern and Webern Peninsulas and Ceylon ; 
and mng; of the-ie iwo last from one another- 
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Of fresh-water (lowering plants, floating or wholly or pi rl t*l 1 y 
suhnHrrged, ihcre are many Jttnd;i in India. They include the 
beautiful white, red, and bl ue Nymphaeai, bVetambiiLiri tpttiftnm t 
and Evryaie frr$x t the latter a near ally of the Victoria Regina 
*f South American waters j also many carnivorous bladder- 
wrtrisi {tfrisiiltir/W), and the curious Aitfrm'axi&t with Leaves 
likt those oF the Venus Fly-ttapy a South European plant, 
hitherto found nowlittt hi India except in some saline ponds 
near Calcutta, The most remarkable among the Indian fresh- 
wafer plants aie tho Fodoslc monads* which clothe rOck-s und 
Stone* in rapid streams -with submerged spreading fronds, 
resembling green Ijehons more than llowcring planet They 
are most common in Malabar and Ceylon, ftnd are never found 
in rivers that have glacial sources, Marine flowering plants 
□re few indeed, and arc mostly of wide Oceanic distribution- 
Of peculiar littoral und-hill plants there are few, the most 
notable being the above-mentioned Phar.m*. faritfi/nTv^ fjx?- 
mixa Hkb&) Yigna butea, Cauavplia lit, jaitu, Lciutiafa pinnati- 
and a curious grass, Spimftx 3 of Australian affinity. 
The estuarial plants will be enumerated when describing the 
tidal Flora of the eiunda than*, 

The Etunubcr of recorded sekclcs of Flowering plants in 
India approaches under 174 Natural Orders 7 ; and 

there are protsaldy *00 species of herns- and their allien. 

Tholnlgrtt Order of Flowering plants in all India is Qrchi- 
oF which mone than i h fjoo species arc recorded and 
additions are constantly being discovered. The greater number 
of these are tropical and epiphyte, and with comparatively few 
exceptions all aro endemic, Ten arc European, and they are 
Hritisli 1 . It is only in the Eastern Himalayas, Burma, and the 
Malay Peninsula that the Order predominates j in other parts 
ol India, b^rsmisettf ^ and P t<p foxrt'imcti t outnumber 

them. 



1 Id tils /7imi if J?±'aVi'n.ti yWi'a £[5" t- aliout j - 1,9 jo ipccitt of 

Huv, oniifj; r'fflf nre dcscEibed. hue i bn pidi-Jirthufl nl ihr iii-ir 

pulumM or lhrtl work iht grofttir pn(( of liiirmi, hns tallun uDtlcr Jdriliili 
rule, nml inige H£££t(!Qne hive btt 'i mute to- tl-.r InrEioB ]■"! .irj. frum tiiL 
■fi-d. d'Jiec quorleTs, t^wdallj- from IliE Mats; T , cjjtii*nl.i 

* In 1b4 ftanlamm, hy 0- Ek-IUhr™ nml J, D, EE. {rSfo-l*!!#, 

10a Nalaral Chrdcri esT f Emm ,i,g pUtiEi nrc iJ-tscrtliEi. Jin me of (Sta ha-vE 
b/ra rigSirly ibhrlivlUril by r»rtier or laler autluEi, 

* Ceraliirhm innate, djvdytx’a ytpt*i, Spirmtikit Gittmmtolh, Liitera 

treats, E/rip^ma af-kyllum, tmijviia, HjXipMfh /a/yW/ir, 

H&btR nri'd trixiifit, Hcrminmnt Afomtyzliif, A.I] tietp 
•ee limjvtrntt W'eslera llimfllnjan ■ a ffiW aJC aba EnStem. 
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'Mae ten dominant OrdcTS of Flowering plants in All llriiish 
India arc in rvunierical sequence: — 



I . OrzhidtiiM. 

J„ IsgiutiintaM. 

J. £jr’fflflSf'*«W. 

4. Pnt>t\l££a£. 
j . Enfika rifinaat. 



6 . Atari th draicLf + 

7. Ctittifwiiiai, 
hr Cyptraceae. 
9. Itftiattii. 

1 0 , Urlit&xat , 



Of IhuSG all Imc Lvidntae mid Cmfestiat Arft marc tropical 
than temperate.. Camfiesstat take a very low place, and would, 
but for "he temperate and alpine Himalayan species, take a very 
much Lower. In this respect India shares, with the whole 
Malayan Atebipelaga. ah exceptional poverty in whal is not only 
the largest of a|| the Orders of Flowering plants La the world,, 
bur the one that heads the list in mtral OLVifcT of (lie globe, 
'Hie following data 1 , deduced front the whole Indian Horn, 
are of use fur comparison with those of Its several botanical 
Areas. The proportion of Monocotyledons to Dicotyledons 
is approximately AS 1 to i of genera to species as shoot 
1 to 7. Of I’alnis there are more than ?jo recorded species j 
of IhmlHOt, 1 zn ; of Conifers, only twenty-two; of Cym oSmf, 
five, Of genera with rob &r more species there are ten, of which 
four arc Orchids, headed by aoo of Dtndra&ium ; the others 
are Imjvttitnt ^whiejt will probably prove to he the largest 
genus of Flowering plant? in India), i r i tgtHia, Peditufaris, 
Sfn&i/iixtJtey, EJpiri, Pni^hyHwsiy£ritt^ J/afitu.jrja, and Carcx, 

ItcLajuLal Jlntish India is primarily divinihie into three botanical areas 1 
Ism"^ ^ a Himalayan, aci Eastern, and a Western, Thfc two latter arc 
[ndLi. roughly limited by a l ine drawn meridionally from the Himalayas 
t& the Uay of liengal, The prominent characters of the three 
a ie that the H imSlay an area presents a rich tropical, temperate, 
and alpine L'lont, with forests of Conifers, many Oaks, and a 
profusion of Orchids; that die Eastern has no alpine Flora, a very 
restricted lemt»fate one, few Con ifers, ina ny Oaks and 1 "alms, a nd 
a great preponderance of Orchids ■ that the Western has only 
one [very local!) Conifer, no Oaks, few Palms, and comparatively 
few Orchids, Further, the Himalayan Flora abounds in Euro- 
pean and Siberian genera ; the Eastern in Chinese and 
Malayan ; the Western in European, Oriental, and African. 
These three botanical areas are divisible into nine botanical 
Regions, for the determination of which 1 haw, after long 
deliberation, resorted to the number of species of the ten 

■ [L nr+rt linttlly be jwsirilfd <mi CtixC fhroughuUl this Jjitrtth numhett 
upprexhiMbe or-ly, -rnul stc B*We ifl rrvL;ion- 
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Ln r^es-t Natural, Orders in each Region as the heading exponent 
of their bofcuitcal differences. The nine Regions -are : — 

1. The Eastern Himalayas, extending from Sikkim to the 
Muhilli mountains in Upper Assam, 

2. The Western Himalayas ' t extending from Kumdun Iq 

ChitriH 

3. The Indus Plain, iiteludihg the Punjab, Sind, and 
R.njpvfctilna weal of the AriLval!li range and Jumna river, Catch, 
And Northern Gujarat. 

4. The Garigeisc Plain,. from the AiftvaLli hills and Jumna 
river m> Bengal; the Sundarhans, the plain* of Assam and 
Sj'lhet, and the Itnw country of Orissa north of the MatLmadF 
river. This Region is divisible into three Sttb-Tegions : an 
upper dry, a lower humid, and the S undaThans, 

5. Malabar in a very extended sen.se™ the humid belt of 
bitty or mountainous country extending along tlte western 
side of the Peninsula from Southern Gujirit to Cape 
Comorin. It inoiudes Southern Gu]«rffl p the Southern half of 
KfithtAwir, the Konkan, Kanara, Malabar proper. Cochin, 
Travancore-, and the lAtCOadi vc Islands. 

A, J Uie DeCcan in a very hroad lease;; that is, the whole 
comparatively dry elevated tableland of the Pi-nin.Htj.lj. turn of 
Malabar and south of the Uangetic and Indus I'lains, together 
w ‘th h as i Sub-reEion, the low-lying strip of coast land exceeding 
from Orissa to TEnnevelly, known as iht Coromandel coast. 

3. Ceylon and the- Matdive Islands, 

6. Burma, hounded on the N. and NE, by the flanking moun- 
tains il> the south of the .Assam valley and China, on the east by 
China and Siam, on the west by Bengal and the Indian Oetsji, 
and on the south by the State of Khedah in the Malay Pfiiin 
S^ila. T he Andaman Island*, and possibly the Nicobar, belong 
to the Burmese Region. 

9, The Malay Peninsula, from Khedah to Singapore, includ- 
ing the British protected States jn this Peninsula, JBl British 
Provinces proper are Wellesley, the Island of Penang, Malacca, 
and Sirrgapore. The Nicobar Islands may belong to this 
Region. 



1 Tie iDiUfwn'kflt kingdom -ixT V?| 4 I, tvlentlinj; Tar $100 miles brinrtit 
tltr h*Heni xud Wertens ULmiliT.-BS.. i 5 lent laft out of twfiiiBl, /arom 
ijruitinoc oJ its Flan. KTrtpt , vny I irai :cii crClevrlon nipde in the- f allty 
sf KaUranrla by \Villlsh in Ifu, lie FCoti <if Nc|hI if all but unknown. 
tjTfit $s. an; (be dsdtuncet hfliirtfl (hf Moras or Sikkim m.j Kuum-ai, it>5 
twi. 1 e-eet sb Xepdl , as indLeated ly Will' ill's eollfctibui, which fiirebtr 
enniuin n cnerhlf rthjr number «f (arttrrvlt ^ipef it*. 
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A stance at the map of India shews that, irt the attempt to> 
delimit these botanical Regions geographically, large areas- 
are in some ease; difficult to apportion t aj, far example, 
Kilhiawflr, of which Hie NW, half is probably referable bofipii- 
Cfltly ti> Sind, the £R to the Konkan. It is not possible to 
draw a bounding line between the FEqti of the Indus and wT the 
Gangctic Plains: that is, tkeiureen the flora, of the affluents (m 
the plains) of the Sutlej and of the Jumna river?, Extensive tracts 
of Land with Characteristic Upper Gangdic plants intrude into 
the Indus Ptain, and desert areas of Rajputina intrude into the 
Uangetic Plain. The eastern limit of the Malabar Region is 
undtfinable, because of the number of sputa and valleys from 
its hills which project far into the Iteccan Region, sometimes 
almost crossing it, carrying with them types of the Malabar 
t'lcua, which towards its northern limit mingEex with those of 
the Dcccan and of the Indus and Ganged t Plains. The Flora 
Of the trans-Indus mountain? boundis^g the Indus Plain, Region 
on the west, of which (he eastern banka are British Indian, is 
known botanical ly in one valley Only, the Kurram. To hare 
referred thfs either In the Wtttbn Himalayan Region, or to 
Afghanistan, would be premature. It is therefore treated 
Of Eh an Appendix (A) to this S ketch 3 as is also the Flora of 
British Baluchistan (Appendix B), which differs considerably 
from that of any other botanical Region of India. 

These Regions c ecocide roughly with the areas of com- 
parative humidity or dryness, indicated by Major Train in hi* 
Plants tj Bengal (Introduction, [jt 3) as follows 



India Descrta [ Sind, Kajputana, and the Punjal*. friic 
Indus Pla n Region-) 

India, Diluvia 3 with its chief development in the Gaflgetic 
Plain, comprising much of the Icnitory EEiat constitute* 
politically the United Provinces and Bengal. ■ (The 
Gangetic Plain Region.) 

India Aquo&a; lh* wet forest (tacts along the Western 
Ghats from Gujarat to Travancore, which receive all the? 
force of the W, monsotm. (The Malabar Region.) 

India Vera - t the dry hut not deaert triangle between the 
Western and the Eastern Ghats of the Peninsula, with it* 
a^Ki in TmneveLly, and its base skirting the Gangetic 
PEflin, (The Deccan Region.) 

India Suhaquesa 3 the Eastern Gha ts and the sir!]) between 
(hem and the sea. (The Coromandel Sub region.) 
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lndto LiltoTci j nv&$t highly developed in the Clange'iiC 
della, (Th^. Sendai bans Sub-region,} 

They alno. approximate Co ihe botanical Sub-areas of British 
India drawn up by Mr. C. B. Clarke in his instructive Essay 
in the Jaitrttnl of /he Liittirt* (vol, x*k|v (i&gH), p. 141). 
with, an excelkfii map. 'Hie print ipnl differences between Ins 
Sulrareas and my Regions lie in his inclusion of Central Nepal 
in, (be Eastern HimlEayan Region, nnd of (lie Afghan E. 
boundary mountains, all Eiluchisl5n N SEi, Rajputlm, and 
Central India, in the Indus Thin Region ; in liis treatment -of 
N. and ME, Burma with the Assam Valley as a separate Sub- 
area (Assam), and of Eastern and Southern Surma as another 
(Pegu) ; and in his inclusion of aEL Ceylon in the Deccan 
Region- 

The Flora of British India has been described at much 
greater length than in this Sketch in the Introductory Essay to 
1“3t, Thomsoo’s and my Ffora JWiira {see footnote, p. 157)- la 
that work three primary divisions are recognized 1 : namely, I, 
Hindus Lin, including the Western Peninsula from the base of the 
Himalaya to Cape Comorin ; II, The Uinlateyafli HI. India 
beyond the Ganges, These primary divisions nrc subdivided 
into sixty-four Provinces, the botanical dinraclers of which, as 
far as they were then known, were delimited :u relation to 
ciimate, geographical, position, elevation above the sen, and 
other physical conditions ; to which are added references to ■ 
many of the botanist* who had explored them, their col led idrvt 
and their works. These sixty- four Provi nees will, 1 believe, alt 
prove to be deserving of dctaiEcd botanical treatment when 
sufficient materials shall have been oljtainedi to effect this- 
The following is a hat of them, arranged under (he Regions 
adopted in this Sketch i— 

i. Eastern Himalayas E Mishmij Aboi f Bhutan, Sikkim, 
Central Nepal 

3- Western Himalayas, under three groups ; I, Kumaun, 
Carhwal, Simla, KuIil, Chamba, Jatnmu, ll.rjaori ^ IL Kanawa r, 
MhuL, Kishtwai-. Kashmir, Murrec \ 111 . Gugi, I'iti anti Parang, 
ZAskhr, Dras, Nvri, laidfith, BSltE, Ntlhra. 

3, Indus l^ain, which includes the Punjab, Ssnd, Cuteh, 
Northern Gujarat, and Riljputlna. west of the Ar£valli Hills. 

4. Gangetic Ptiiin, under two groups : I- Upj>CT, including 
Rajputina east of the Arlvalh Hills, Bundiikhaod, and Mllwl 

1 A fourth is devoted to Af^Onlglln *j ;<1 ButncbiiliJi, which cowittkl 
001 Lrtbg to IlrlLLstl India tn not ir,Llu 6 ::l In l hit ^kerth, CMXpt a una.il 
area in Elnluchl itM iiiue acquired, Sw AppeoHix H, p. aogl 
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TiorLh of the Vindtiya range; 11 - fitter, including E^gal 
south or th« Himalayas, Orissa north of the IVlalkil ntidi, thi: 
Assana,, 5 yLhet, CadlSr, at w} Tippcra plains, 

5. Malabar, including Kh^n-dc^h, the Konkafi, Kunara, 
Coorg, Matahar propar, Travancore. 

6- The Dtttan, including BihSt, Rurjr, Cenlral 

India, the Centra] Provinces, Chetd Nagpur, Orissa south of 
the MshSrtidi, t he Dtcoan proper, Myself, and the Coromandel 
tnjiiil 

7- CejEon. 

i. Burma, including the Assam, Giro, Pfltk&i, Nitgi, khJ?i + 
Manipur, CatcbJry and SjfLhct Hilts, Chittagong,, I'ijfpetS, 
Aiibn, Pegu, and Tenasseriim, tether with the Shan ami 
Olh^r S-Wtesi bordering China and Sian*, 

g, The Malayan Peninsula, including the [Stilish and Siamese 
Stales therein. 

The only boEarsically well- known portion of the first Region is 
its nfccltin end - Sikkim, nn oblong section of the Himalayas 
about too miles long from north to south, wd forty ream east to 
t/rest, An analysis of ili Flota may be presumed to give an 
adequate idea of the general features of the unexplored Himil- 
Ijyjs to the eastward of it. This is indeed proved hy sm h 
materials as have hern procured from the latter 1 . 

A comparison of its vegetation with lliat of Lhf Western 
Himalayas will be found under that Region. 

ijikfci m is the mtstft humid dteldfl in the -whole range of Hu 
Himalayan, because of its proximity to the Bay of Bengal and 
direct exposure to the effects of the meiMum laden south west 
monsoon, from which the ranges cast of Sikkim are paitialLy 
screened by the mountains on the south flank of the Assam 
valley. It is estimated to contain about 4,oao species of 
Flowering plants under ]6o Natural Orders; also Ferns 
5 Of tin Flora ef tit Mlthartt Hills only Mceunt U that td -Griffith, 

u-liC, vi.'.i^tiL ^hem ia October in DEor-mbcr, i^jt, collccliajf u-pwirdi of ..oj 
species dJ Howtrialg plant* Lr.d 134 of Ferns inC litir allies, Acwrding lu 
a Hit which Ik drew up sod *Mch H pnfiEi&hcd In hb. 1 [Wliucu’ii flSpeTj ' 
(vul. 1 , p. Gaka 1 ti c LSiyJ, Ebe fallowing ii a decod the iog>KL 
Natuf»l Oidcre, with the aiirohee a| i.peciei In, rack: L L' <>>■■; fasiiac, Be e 
x. GrumitiMt, " 1 1 i„ La&iattej 4. OnkUcat, 4 j- Fuiiatiat, 41; 
6, 3,5 ; j, LtgMBtinsiai, 3,1 ; S. Cfi-fi ^rwr-raf* 13 ; ij. fkstttra'tai. 

il ; 1 d. £ u/bWr biauat, 1 1 . Meal uf it«e art prcsinalily frara thetropi- 
u! ior.e. 'Die prvilynniriaftcs of Competitor is hol-oNlr. It was dnr.n:; lbs> 
uLiLl ihut Griffith ■ii<coveTFil trie rennrienli'e itEmltss nivl ltaflcw «om- 
p*tH!iite Safins Ainiafyiirta, * nt*r ally ef tittJTtft* AritaUi, which addra 
ifit Nilan.1 OrCer Cj'liuaci-ac ta the lEirnalnyaa Ptut^. Tl Ins aal a Lute 
bvta cnjlected. 




